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DISPOSITION LIST. 

1. During tlie period under report the officers of the Deparl- 
ment were employed as follows:— 

SKporintuidenl.s. 

Mn. E. Vredenbtjsc! . Itoturned from combined Ic.ue (ui ,‘>0lli 
November 1921 and placed in cliaigo tf 
Bihar and Orissa and the Central I’lo 
vinces Party. 

Dr. L. L. Permor . Contimied in charge of the Biiiai and Oibsii 
and Ceirtial Piovinces Paiiy until tin 
end of August. Left headqnarlet^ f<n 
field w'ork in the Central Province- on 
21 st January 1921 and rctnined on Sth 
May 1921. Ajqmiutcd to olliciatc .li- 
Direetoi fioui 29lli Auginst 1921. 

Dr. G. E. PixaRiM . Continued in cliaige of ollice up to 7lh 
November 1921 and as Pala'onioiogist up 
t o 21 st Novell) her 1921. Placed in eliai ge 
of tin Nori li-wostern Party and pm- 
(•(‘oded to the field (Punjab) on 21 si 
November 1921. 

Mb. G. H. Tipper . Eeturned from field work in charge of tin 
Bombay and Bajputana Party on 121 li 
March 1921; again left for Ohitial on 
26th April 1921. Returned on 2nd Nov¬ 
ember 1921. Placed in charge of office 
from Sth November and appointed’ 
Palajontologist on 22nd November 1921. 
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Mr. G. ds P. Cotter . Returned from leave on 31st May 1921. 
Placed in charge of the Burma Party 
and left for Rangoon on 26th Juno 1921. 

Dr. J. Coogin Brown . On deimtation wit1» the Imponal Mineral 
Rc.source& Bureau, London, up to 14th 

• September 1921. Proceeded on privilege 
leave for six months from 15tli September 
1921. 

Asf'iblanl Supprintf»d<uts. 

Mr. H. Walker . . Returned from combined leave on 2nd 
November 1921. Attached to the Bihar 
an<l Orissa and Central Provinces Party. 
Left for the field on 22nd November 
1921. 

Mr. K. a. K. TIallowbs Returned to lieadrjuarters from Bombay on 
4th May 1921. Proceeded to Hyderabad 
on 12th November 1921 for field work. 

Mr. H. C. Jones . Continued to officiate as Sujrerintendent 
with effect from 26th January 1920. 
Refurned to headquarters from Bihar 
and Orissa on 4fh May 1921. Left for 
the field on IBfh November 1921 to con- 
finiie the investigation of the iron-ore 
deposits of Bihar and Orissa. 

Dr. a. M. Ubron . Continued to oflioiate as Superintendent up 
to 29tli NovembiT 1921. Returned to 
headquarters from Burma on 17th April 
1921. Left Calcutta on 3rd May 1921 
to join the Mount Everest Reconnais¬ 
sance Expedition and returned on Slst 
October 1921. Attacked to the Burma 
Party and left for Mergui on 11th. 
November 1921. 
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Db. M. Stuart . . Appointed to officiate as Supei’intendcnt 
from ITtTi November 1930 to 3Jst May 
1921 and again from 29th August 1931 
to Idth September 1931. Returned from 
de])utation with the Ilukong Valley (Idil- 
way Survey Party on 9th Jnnt? 1931. 
Resigned the setvice on 12th October 
1921. 

Mb. C. Pox . . Continued to act as Curator, Ccologieal 
Museum and Laboratory up to 19th 
August 1921. On deputation in the t)ft'«cc 
of the High Commissioner for India, 
London, with effect Irom 3(Hh Augiist 
1921. 

Captain R. W. Palmee Returned to headquaiters from field work 
in Assam on 3(Jth April 1921. J)ei>ut<‘d 
to investigate the gas seepages of Baroda 
on 8th October 1921 and returned to 
headquarters on 24th October 1931. Per¬ 
mitted to resign the service with effect 
from 4th December 1921. 

Rao Bahadur S, Sethu Returned to headquarters from Bunua on 
Rama Rad. 21 st April 1921. Granted privilege leave 

for 1 month and 8 days from 29th Augjist 
1921. Attached to the Bihar and Hrissa 
and Central Provinces Party and left 
for the field (Central Provinces) on 10th 
November 1921. 

Rao Babadub M. Vina- Returned to headquarters from field work 
TAX Rao. in Burma on 19th May 1921. Granted 

combined leave for 3 months and 12 days 
from 26th May 1921. Returned and 
resumed duty on 6th September 1921. 
Attached to the Burma Party and left 
for the fidd on 8th November 1921. 
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Mr. H. Crookshakk . Returned to hcadquarteris from field work 
in Jodhpur State and Quetta on 4th 
April 1931. Appointed Curator of the 
Geological Mu&eum and Laboratory i\itb 
effect from 20th August 1921. 

Captain C. T. Tey- Returned to headquarters from field work 
CHBNNfi. in Bihar and Orissa on 4th May 1921. 

Granted combined leave for 6 months 
with effect from the 4th November 1921. 

Mr. E. L. G. Clegg . Attached to the Bihar and Orissa and 
Cential Provinces Party and left for the 
field (Central Piovinces) on 8th January 
1921. Returned to headquarters on 18th 
April 1921. Left headquarters foi Dhan- 
baid on 13th August 1921 in connection 
with the water supply of the pro]>osed 
Indian School of Mining and Geology, 
and returned to headquarters on 30th 
August 1921. Loft headquarters for Chit¬ 
tagong on 31st October 1921 to examine 
a reservoir site in connection with water 
supply at Chittagong. Returned to 
headquarters on 6th November 1921. 
Attached to the Burma Party and left for 
the field on 13th November 1921. 

Mr. D. N. Wadxa . Appointed Assistant Superinfendent, 
Geological Survey of India on 16th April 
1921. Po.sted to Poonch llaqa in Kashmir 
State- Returned to headquarters on 23rd 
January 1921. Attached to the Norfh- 
western Party and left for the field on 
26ih October 1921. 

Mr. G. V. Hobson . Appointed Assistant Superintendent, 
Geological Survey of In<ha on 29th 
October 1921. Attached to the Bihar 
and Orissa and Central Provinces Party 
and left for the field (Central Provinces) 
on the 26th November 1921. ' 
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Mr. F. W. Walker • Appointed AKsistanfc Rnpcriniciulont, 
Geological Survey of India on ord 
November 1921. Attached to Burma 
Party and loft for the ti<»l<l on tlie 251 h 
November 1921. 

Mr. J. a. Dunn , , A^jpointed Assistant Sii]M‘ri»ileiHleut, 

Geological Survey of India on 17th 
' December 1921. At lieadqua i i ers. 

Dr. W. a, K. CHRrsiiE lleveitod tohis suhsiaiilive a])]>oiuf meui as 
(^hemist on 28tli December 192(t on tcr¬ 
imination of luH deputation under the 
Gov eminent of India in the Fman<‘e De¬ 
partment, At headquarters duiinp the 
year. 

Arlial, 

Mr. K. F, Watkinson At headquarters. Granted privih^gc b\ne 

tor 3 months from 10th R(*ptemlM»r 1921 ; 
returned to duty on 9th December 1921. 

Bajju Bankim Behaui lleturned from field work in Burma on 
28th April 1921. Attaehod to Burma 

^ Party and left for tin* fiehl on 81b Nov¬ 
ember 1921. 

Baku DuR<t a Shankar Attached to the Bihar ami Orissa ami (S»n( ral 
BHATTAonARTEE. Provbces Party and left for the field 

(Central Provinces) on 8th January 192K 
Returned to headquarters on 19th April 
1921. Granted privilege leave for 2 
months and 7 days from 3rd June 1921. 
Again attached to the Central Provinces 
Party and left for the field on 5th Novem¬ 
ber 1921. 
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Assistant Curator. 

Babu Baeada Chaean At; hcadqiiaitoiR. 
Gupta. 

2. The cadre of the Depaitment continued to be G Supeiin- 
tendents, 22 Assistant Supeiintendcnts, and one Chemist. Of the 12 
vacancies in the grade ol Assistant Superintendent existing in 1920, 
three were filled during that year. There were thus 9 vacancies 
in the grade of Assistant Superintendent at the beginning of the 
year under report. One retirement and two resignations occurred 
during the year. On the other hand four new Assistant Superin¬ 
tendents were appointed, leaving a1 the end of the year eight 
vacancies. 

ADMINISTRATIVE CHANGES. 

Relirements, resig- Sir U. H. Hayden, Kt., C.S.I., 
nations, promotions, and Director, retired with effect from l&t June 
appointments. 1921 

The following officers were permitted to resign the service with 
effect from the dates shown against each:— 

(1) Dr. Murray Stuart, from the 12th October 1921. 
(2) Captain R. W. Palmer, from the 4th December 1921. 

Dr. E. H. Pascoe was confirmed as Director with effect from 
Ist June 1921 vice Sir H. H. Hayden, retired. 

Dr. L. L. Ecrnior was appointed to officiate as Director with 
effect from 29th August 1921 vice Dr? E. H. Pascoe on leave. 

Dr. J. Coggin Brown, Assistant Sniieiintendent, was promoted 
Superintendent with effect from Ist June 1921. 

The following officers were api)ointcd during the i)eriod under 
report to officiate in the grade of Superintendent:— 

Dr. J. Coggin Brown contiuiicd to officiate as Superintendent 
up to .31st May 1921 wee Dr. G. do P. Cotter on leave. 

Hr. H. C. Jones continued to officiate as Superintendent up 
to 31st May 1921 vice Dr. E. H. Pascoe, officiating as Director; from 
1st June 1921 to 29th November 1921 vice Mr. E. Yiedenbuig on 
leave; and from 30th November 1921 wee Dr. L. L. Eermor officia¬ 
ting as Director. 

Dr. A. M. Heron continued to officiate as Superintendent np to 
14th September 1921 vice Dr. J. Coggin Brown on deputation, and 
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from. 15th September 1921 to 29th NovcrabcE 1921 vice Dr 
Ij. L. [formor officiating an Director. 

Dr. Murray Stuart continued to officiate as Supcrin(cnd<‘nt up 
to Slat May 1921 vice Mr. R. Vredenburg on leave, and from 29tli 
August 1921 to 11th Scpternber 1921 rice Dr. L. L. Feimor oHici.il- 
ing as Director. 

Dr. (4. R. Pilgrim continued to act as Paheonlologisl till 2Iht 
November 1921, and thereafter Mr. G. Tl. Tipper from 22ml N< v- 
ember 1921. 

Mr. 0. S. Pox continued to act as Curator, Geologic'al Museum 
and Laboratory, till 19th August 1921, and thereafter Mr. 11. Ciod:- 
shaiik from 20th August 1921. 

The following officers joined the Department dining the ye-nr:— 

Mr. D. N. Wadia, M.A., B.Sc., P.G.S., on Kith April 1921. 
Mr.* H. V. Hobson, B.Sc., A.R.S.M., on 6tli October 1921. 
Captain P. W. Walker, M.C., B.A., B.A.I. (Dublin.), on ilrd 

November 1921. 
Mr. J. A. Dunn, B.Sc., (Molbounu*) on 17th December 1921. 

The following Sub-As&Lstanta in the Geological Survey of India 
have been granted gazetted status with effect from the 1st April 
1921 

(1) Mr. Bankim Behari Gupta. 
(2) Mr. Dutgashankor Bhattacliarjeo. 

4. Dr. E. H. Pascoe was granted e<*mbined 
Leave. leave for one year with effect from the 29th 

August 1921. 
Dr. ,1. Uoggin Brown was granted privilege leave l('r si\ mtmllis 

with eilect. from tJio 15th Ke])tember 1921. 
llao Bahadur S. Selhu llama Tlao was granted juivilegi* leave lor 

one month and eight days with effect from the 29th August I(f2l. 
Ran Bahadur M. Vinayak Rao won granted combined leave for 

three months and twelve days from the 2.5th May 1921. 
Captain C. T. TeychonnS was granted combined leave for si.x 

months from the 4th November 1921. 

Mr. K. P. Watkinson was granted privilege leave for three 
months from the 10th September 1921. 

Mr. Durgashankat Bhattacharjee was, granted privilege leave foB 
two months and seven days from the 3rd June 1921. 
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OBITUARY. 

5. The death oC Mr. F. R. Mallet, late Bupei intendent, Geolo¬ 
gical Survey of India, and a member of the Department from 1859 
to 1889, has been refeiTed to in the preceding volume of thetne 
Records. With Mr. Mallet's <leatli we have lost the Father ot 
Indian Mineralogj'. 

PROFESSORSHIPS AND LECTURESHIPS. 

6. Mr. E. Vredenburg was Professor of Geology at the Calcutta 
University. Mr. 0. S. Fox continued as Lecturer on Geology 
at the Presidency College ujj to 191h August 1921 when he was 
replaced by Mr. H. Crookshank. 

POPULAR LECTURES. 

7. A course of six popular lectures on geology was delivered by 
Mr. D. N. Wadia in tlie Indian Museum during the monsoon, the 
subjects selected being as follows :— 

(1) The Natural HMory of a Piece of ChalL. 
(2) The Himalaya Mountains. 
(3) The Ice Age. 
(4) Fossil Fuel; The Coal and Petroleum of India. 
(5) The Ago of the Barth and the Age of Man. 
(6) The Interior of tlie Earth. 

PUBLICATIONS. 

8. The following publications were issued duiing the year under 
report:— 

Memoirs, Vol. VI, Part 2 (Ueprmted). 
,, ,, AJj, ,, .1, 
„ „ XLIV, „ 1. 

Records, „ LI, Parts 2, 3, and 1. 
„ „ Lll, (complete in one volume). 
„ „ LI II, Part 1. 

Bibliography of Indian Geology, Part 2 (Index of localities). 

LIBRARY. 

9. The additions to the Library amounted to 0,663 volumes, 
of which 2,249 were acquired by purchase and 4,404 by presentation 
and exchange. 
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MUSEUM AND LABORATORY. 

10. Mr. (’. y. Fox was (^irator of the ({eological Musoiun .uul 
Laboratory from the beginning]; of ilio year 

* ‘ until lOili Augiiht 1921, whou ho ])r<)0oodo<l on 
(lof)iiUiion 1-0 England and made over ohargo 1o Mr. 11. (Vookshanh. 
Babu Barada Oharan (Jiipta wan Assistant Curator Ihronghont I ho 
year. The se»*vieos of the two MuKCum Assistants, Bahus Provat 
Kumar Dey and Snrondra Chandra i)as Uiipta were dispensed with, 
with oSect from tho 2nd Ajn‘il 1921 and Kith November 1921, 
n'spoctivoly. Babu Anil diandra Bose, Al.Sc., \vas ap|)oinio<l as 

Museum Assistant on the 18th Ootobor 1921, )>iit resigned his aj)- 
pointmoiit with oifoot from 21tli Novoinber 1921. 

11. Ur. W. A. K. (‘liristio oontinnod as 
('’liernist throughout the year. 

12. Tlie nunihor of s])0(*iiYions referred to tho Ouratoi* for examin¬ 
ation and rojmrt was 54.1 Assays and analyses 

.and wore made of 89. The corresponding liguros for 
the preceding year arc 420 and 98. 

13. During the year the following acquisi¬ 
tions to the meteorite collection wore made:— 

Chemist. 

Meteorites. 

(1) A aneteoric stone in live fragments. Pell on the 30ih August 
1920 at Morna in tho Allahabad district. Total woiglit 
71‘lot) kilogrammes. 

(2) A meteoric stone in three fragments. Pell on 2:)rd Doooni- 
])erl920at Tnrra near Manikpur in 4ho Banda <listnot. 
Total w<‘ighi 1079‘92 grannnos. 

(3) A moteoricstououocidontally brol«ui in two pi(ws. Poll jit 
Haripura, Jaipur Ktato, Rajputana, on tho 17th January 
1921. Total weight 315-12 grammes. 

(4) A meteoric stone. Poll on tho> 9th vSoptembor 1921 in a 
village in the Purnea district. Weight 3()79*7 grammas. 

(5) A meteoric iron in tw^o ]neces. Pell on the 20th May 
1921 in the Shimelia and Beshki jungles, 7 miles N. W. 
of Sliahpnra. Tho pieces weighed 1125-30 grammes and 
586-88 grammes, respectively. The rarity of this occur¬ 
rence may be gauged from the fact that up to the pre¬ 
sent date not more than 12 meteoric irons have been 
seen to fall throughout the world. 
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11. Duiing the year pieijoniations of gcologi- 
Donaiions to Museums, specimens weto made to the following in¬ 

stitutions :— 
(1) G. B. B. College, Muza ffarjnxT. 
(2) Central Musomn, Nagpni. 
(.O) Victoiia Memorial M. E. School, Gopalgungc. 
(4) Presidency College, Calcutta. 
(5) South Suburban College, Bhowanipur. 
(6) Wilson College, Bojnbay. 
(7) New School, Bombay. 
(8) Tlie Burma Museum. 

Additions to the collec- 15- The following loroign Kpecimens were added 
to the collections during tlie year :— 

(1) Various mineial specimens from Canada, including nicoolite, 
argentite, orythrite crystals, ruby silver, wolframite, 
iuolybdenite, ]>hlogopite, temislraniite, scapolite, conin- 
dum, scheelite, n vein showing native silver and smallite, 
ule.vile on gyi)suin, native bismuth, cobaltite crystals, 
annabergite, broithaujrtit e, bornit o, and tourmaline ; pre¬ 
sented by Dr, T. L. Walker, Royal Ontario Museum of 
Mineralogy. 

(2) A cdleotiou of mineral and rock specimens from Rhodesia and 
the Belgian Congo, including malachite, chrysocolla, 
chalcopyrite, wad, asbestos, ehtysotilc, breccia cemented by 
chalcoeite, copper phosjrhate, trap, blue ground, and 
lateriio; presented by Sir If. H. Hayden. 

(8) Head of a monkey, carved in soapstone. Pen-y-grvryd, Llan- 
beris; irrescnted by Mr. A. Lockwood. 

(I) Mairgunesc-am])hibole in slag ; presented by Mr. G. V. Wilson. 
(5) Browrr coal and bri(|uofctes from Cologne; presented by 

Mr. II. L. Cole, Secretary, Railway Board. 
((5) Oxide of iron paints; ])resented by Zacir. Cartwright, Ltd. 
(7) Finished asbestos goods; presented by the Ca])e Asbestos 

Go., Ltd. 
(8) Finished asbestos goods; presented by James Walker & Co., 

Ltd. 
The following Indian specirlrens were among those added to the 

collections during the year:— 
(1) Crude tin, tin concentrates, and tin-ore, Nuiunga, Bikzaii- 

bagh district; presented by Sandermall & Co. 
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(2) Copper ore, Bawdwin, Northern Shan States ; presented by 
the Burma Corporation, Ltd. 

(3) Stolzite, Hermyingyi mine, Tavoy; presented by M r. 
A. W. Ross. 

(4) Lignite, resin in lignite, fullers’ earth, and marcasite, 
Bikanir; presented by Mr. H. L. Cole, Secretary, Eail- 
■way Board. 

(5) Hollandite, Balaghat manganese mine; presented by Mr. 
L. E. Bartlett. 

(6) Red and yellow ochre: presented by Turner, Morrison & 
Co., Ltd. 

(7) Barytes, Bhankera, Ramsingpur; presented by Mr. S. K. 
Roy. 

(8) Kaolin, Lameta Ghat; presented by P. R. Patoll & Co. 

MINERALOGY. 

16. In 1918, quarrying operations led to the discovery, in a 

Bltamen cavity in basalt west of Seori fort, Bombay, 
of solid bitumen or mineral-pitch, and Sir 

Henry H. Hayden was able to visit the locality and obtain speci¬ 
mens. In 1921, the discovery in the same neighbourhood of addi¬ 
tional cavities of similar nature, in which crude rock-oil and mineral 
vax were associated with the solid bitumen, excited public interest; 
but the known relative ages of the Deccan Trap and of the petroli- 
ferou'< strata of India rendered improbable the occurrence of oil- 
bearing beds beneath the Trap, and some other source for these 
bituminous materials’ seemed likely. Mr. C. S. Fox, whilst cji 
route to England, was fortunately able to examine these occurrences 
before further quarrying operations had destroyed the evidence, and 
he has submitted an interesting report thereon. 

The cavities were in a greenish dolerite, and ranged in size up 
to 30'x20'x8', these being the dimensions ascribed to the cavity 
found in 1918. Associated with the bitumen were crystals of cai- 
cite, quartz (including minute doubly-terminated crystals) and vari¬ 
ous zeolites, amorist which Dr. Christie has identified apophyllite, 
laumontite, scolecite, analcite, and prehnite, whilst in seme specimens 
purchased from Mr. J. Ribeiro, Dt. Christie has identified in 
addition obenite. gyrolite, and stilbite. The mode of asso¬ 
ciation suggests that the bitumen was formed before the zeolites. 
Mr. Pox considers, indeed, that the evidence in the quarry indicates 
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that the caTbonaceoiis material was included in the dolciitc whilst 
the latter was still in a plastic hot condition, and that the original 
organic bituminous matter suHered some degree of modification due 
to the removal by distillation of certain volatile products. The 
composition of the solid bitumen or mineral pitch lias been deter¬ 
mined by Dr. Christie on one specimen as follows :— 

Per cent. 
rai-bon.88-15 
Hydrogen.6-20 
Oxygen (by di£Eercni,o).4.01 
Nitiogcn. 1-04 
Sulphur.0*32 
Hoibtuiu ........... 0*58 
Ash*.0-70 

Totai . 100-00 

The G<h)1 tgy ol Bombay Ihland was described by Wynne in 
Memoirs, G i tgical Sunv;/ of India, Vol. V, pages 173-225, and 
the map acc-«.>ipanying his paper indicates separately the various 
lava flows and associated freshwater sediments with their well- 
known frog remains. In the limited time at his disposal Mr. Fox 
visited all the chief rock eximsures in the island, and, whilst agree¬ 
ing generally on the accuracy of Wynne’s mapping, he disagrees 
with Wynne’s interpretation thereof. According to Wynne, the 
lava flows with associated sediments comprise a conformable 
succession with a steady and gentle dip to the west. According to 
Mr. Fox, the particular sheet of dolorite that contains the cavities 
with bitumen is an intrusive sill; Mr. Fox considers also that the 
evidence warrants the insertion on the map of a north and south 
strike fault traversing the island from end to end, witli a down¬ 
throw to the oa.st, as the result of which the strata forming the 
ridges along the eastern side of the island must, at least in part, 
be regarded as a repetition of those on the west. To the distil¬ 
lation of the catbonaoeouB matter of the organisms in the invaded 
strata Mr. Fox attributes the formation of the cavities containing 
bitumen. Mr. Fox’s views can at present be regarded as a hypo¬ 
thesis with a considerable degree ol probability, and it is evident 
that a detailed study of the stratigraphy, petrology, and mineralogy, 
as well as the chemical composition, of the Deccan Traps of Bombay 
Island, should yidld results of great interest. 

^ Mainly fenio o»d*—ailioa 0-18 per oent. 
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PAL/CONTOLOQY. 

17. Mr. Vredenburg’s comparative diagnoses of certain families of 
gastropoda from the Tertiary formations of Burma, commenced in 
Records, Geological Survey of India, Vol. LI, p. 339, by an account 
of tbe Terebridse, were continued by the publication of papers dealing 
with the Pleuxotomidse, Conidse and Cancellariidse. Other papers by the 
same writer, still in the Press, and which will, it is hoped, appear 
shortly, include Mollusca from the Post-Eocene Tertiary formations 
of Korth-West India,” “ A Eeview of the genus Gisortia,” ‘‘ A 
Zone-Fossil from Burma : Ampullina (Megatylotus) Biimanica.” 
Dr. JT. Annandale’s paper on Indian Fossil Vivipaise,” Dr. B. 
Prashad’s paper “ On a new fossil Unionid from the Intertrappean 
Beds of Peninsula India,'’ and Mr. Vredenburg’s descriptions (f 

Unionidse from the Miocene of Burma.” were published during the 
year. 

Other works in the Press include Dr. Cotter’s Lamellibran- 
chiata of the Eocene of Burma," Dr. Cowper Reed's “ Devonian 
fossils from Chitral and the Pamirs,” Mr. C. Foster Cooper’s 

Anthracotheridae of the Dera Bugti deposits in Baluchistan,” Dr. 
Spengler’s Contribution to the Palaeontology of Assam,” and Mr. 
T- H. VTither's Revision of some Fossil Balanomorph Barnacles 
from India and the East Indian Archipelago.” 

During the period under review Mr. Vredenburg has continued 
his studies of Indian Tertiary Gastropoda, Captain R. V. Palmer has 
submitted a paper entitled ‘'An incomplete skull of Dinotheriun^ 
with notes on Indian forms,” while short papers on various Gond- 
wana plants have been sent in by Prof. B, Sahni and Mr. 
B. B. Gupta. In Europe, Dr, Cow|>er Reed has continued his 
examination of the Anthracolithic and Triassie fossils from Yunnan, 
and Dr. Matley his studies of the Dinosauiian remains front near 
Jubbulpore in the Central Provinces. 

STRATIGRAPHY. 

18. The discovery, towards the end of 1921, by Mr. K. P. Sinor, 
State Geologist to the Rewah Durbar, of marine fossils in asso¬ 
ciation with beds of Lower Gondwana age at Umaria, is of 
great interest. It may be regarded as an example of the important 
discoveries that are likely from time to time to follow from close 
geological work in the Peninsula, 
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As described by Mr. Sinor, not far from tbc junction of the* 
Gondwana rocks and the underlying gneisses and in what are usually 
ascribed to the Talchir stage, there ib a narrow band, 3 inches thick, 
composed almost entirely of shells of the genus Prodvctnf^. Specimens 
of this shell-band, first sent to the Geological Survey of India by 
Mr. Sinor, contained nothing but Prodiictvs, Below the shell-band 
are quartz, grits, which pass up through the band conformably into 
sandstones of Lower Barakar age. The dip of the beds is about 30° 

Early in 1922, Mr. P. N. Mukherji, Field Collector, was deputed 
to visit Umaria and make further collections from the locality, in 
the hope that a regular fauna might be obtained by means of which 
the age of the deposit could be more definitely fixed. The only 
fossils that Mr. Mukherji succeeded in discovering, in addition to 
the Productiis already found, were two specimems of Spmferina. 

The Producfus has not yet been identified, but according to Mr. 
Tipper it is new to India. This is nof surprising if, as it seems reason¬ 
able to assume, the strata in which the above marine fossils occur 
are of Talchir age, for marine fossiliferous beds ol that age are un¬ 
known. The Spiriferina is close to, and probably identical with, 
Spiriferina cristafa var. ocfoplicaia. As, however, this species seems 
to have a considerable vertical range, its presence is not of great 
assistance in determining the precise age of the fossil band. 

If we exce]>t the coastal fringes of India and a tract of country 
stretching from Indore State in Central India to Kathiawar and 
Cutch in the west, no marine rocks have hitherto been discovered in 
the Peninsula later in age than the Vindliyans, which, in the absence 
of fossil evidence, arc by many geologists regarded as of pre-Cam¬ 
brian age. Tills discovery at Umaria suddenly provides evidence 
of the presence of the sea in Carboniferous times over a portion of 
what is now Rowah State in the middle of the northern part of the 
Peninsula, suggesting that in Talchir times the northern Carboni¬ 
ferous sea must have extended at least as far south as Umaria, giving 
a northern limit to the edge of Gondwanaland in this neighbour¬ 
hood in Talchir times. As the marine Prodiichis bed of Umaria is 
followed by the freshwater coal-bearing Barakar series, it is evident 
that the sea must have retreated northwards immediately after, or 
towards the end of, Talchir times. We may perhaps picture this 
arm or bay of the Carboniferous sea as having been flaiiked on the 
west by the Aravalli ranges of Rajputana- After his visit to 
Umaria Mr* P. IST. Mukherji was deputed to search the Talohir 
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outcrops of the ilohpani area for further occurrences of Productus^ 
in the hope that we might obtain evidence of the westward trend 
of the coastline of this presumed bay of the northern Carboniferous 
sea. His visit was, however, fruitless. In ^uew of the fact that 
portions of western Central India and of the northern parts of the 
Bombay Presidency were under the sea in pre-Deccan Trap times 
(Cretaceous and Jurassic), it does not, however, seem possible defi¬ 
nitely to exclude the alternative idea that the presumed arm of the 
Carboniferous sea may have encroached on the Peninsula from the 
west and have extended as far as Umaria : but it must be noted 
that the most eastern of these marine outcrops is about 300 miles 
west of Umaria, namely at Barwai in Indore, where marine Cretaceous 
rocks occur. 

ECONOMIC ENQUIRIES. 

Amber. 
19. During his deputation with the Hukong Valley Railway 

Survey, Dr. Murray Stuart had an opportunity of examining the 
Maing-kwan Hills from which the well-known Burmese amber is 
obtained. The eastern flank of the hills consists of grits and con¬ 
glomerates belonging to the basal beds of the Tipam series. Under¬ 
lying them on the west is a blue clay in which the amber is found 
in irregular lumps. The principal localities are at the northern end 
of the range, and also at its southern extremity, near Lalaung. No 
mines were actually being worked at the time, but the whole out¬ 
crop of the clay appears to have been dug over in past years. Based 
on the discovery amongst the debris round the amber pits of a 
fragment of rock containing Niimnmlites Biaritzensis^ D^Arch. Dr. 
Stuart believes that the clay is of Lower Khirthar (Eocene) age. 
It is interesting to note that Dr. E. A. Bather, as the result of a pre¬ 
liminary study of the insects in a collection of Burmese amber pre¬ 
sented to the British Museum by Mr. R. 0. J. Swinhoe of Mandalay, 
states in a letter that there is reason to suppose that the amber 
is of Eocene and possibly Lower Eocene age. 

Arsenic. 
20. During his tour in Chitral, Mr. G. H. Tipper was able to 

visit the orpiment mines of the State, from which a small produc¬ 
tion has been reported regularly for years, but which have never 
previoudy been visited by a geologist. The deposits noted by Mr. 
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Tipper are : (1) Mirgasht Gol (11,000 ft.); (2) Aligot (13,000 ft.); 
(3) Londku (11,000 ft.); (4) Wizmich (16,000 ft.); (6) Moghono Zorn 
(15,000 ft.); aiid (6) Stack : of wkick he succeeded in visiting all 
except No. 5. The figures in brackets show the approxhnate 
heights ot the deposits. The first four deposits lie on one line of 
strike, Mirgasht Gol and Aligot being on the north-west side of the 
Tirich valley, Londku in a tributary of the Tirich of the same name, 
and Wizmich on the ridge separating Chitral from Wakhan in 
Afghanistan. 

The Tirich valley is formed along a line of fault running N.E.- 
S.W., on the northern side of which occurs a largo mass of altered 
limestones and calcareous shales. The limestones are mostly altered 
to marbles, but arc in places still fossiliferous and contain well-pre¬ 
served Fmnlinre. Along the fault line, well exposed in the upper 
portion of the Tirich valley and continuing to the north-east, is a 
V-shaped body of basic intrusive rocks. On the south side these 
abut on the shales and quartzites of the Sarikol Shales. The orpi- 
ment mines occur on the northern side close to the intrusive rooks and 
in the calcareous shales that are associated with the marbles. These 
shaly beds have been baked and altered by the intrusives. 

The ores have, as a rule, been worked by means of irregular 
narrow tunnels, which are now often blocked by debris and aban¬ 
doned. But judging from Mirgasht Gol, where Mr. Tip]>er was 
able to examine the ores in, situ underground, the deposits dip in 
some cases with tho enclosing rocks, and in others form veins 
cutting definitely across. At Mirgasht Gol specimens of great 
beauty wore collected, composed of red realgar and orange-yellow 
orpiment. Cubes of lluoritc occur in both minerals. 

The deposits of Moghono Zom and Stach lie respectively S.S.E. 
of the village of Andraghach in the Khut valley and on the ridge 
west of the Yarkhun river. In both cases the orpiment occurs in 
unfossilifOTous marble. 

Bauxite. 
21. During the year Mr. Fox completed his memoir on the 

bauxite deposits of India : the memoir is now in the press- 
22. During his survey of Salsette Island, Mr. E. A. E. Hallowes 

Bombay: 
Ishuid. 

found bauxite of fairly good quality on the 
®“*®®**® summits of two hills, Baumdungri (ld®10' 

72°66') and Bombassadungii, (A 1,280) (19° 
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11'; 72® 66'). Tile quantity available is, however, estimated at 

less than 10,000 tons. 

Building Stones. 
23. Mr. K. A. K. Hallowes made an exhaustive examination of 

the quarries from which building stone is ob- 
Island!***^ * Salsette jj^ined in the island of Salsette. At each quarry 

the dip and the character of the jointing and of 
the rock were noted. Cubes were prepared and were tested for crushing 
strength and porosity bv Professor Chree Brown, Acting Principal of the 
College of Engineering, Poona. The results of these physical tests were 
correlated with macroscopic and microscopic characters and a com¬ 
parative table constructed. From a consideration of all the data 
Sir. Hallowes concludes that building stones from the weathered 
layers of the traps are often poor, that the quality would be greatly 
improved by using a less weathered vaiiety, but that there is no 
necessity to use absolutely unweathered material. There is, in fact, 
a fairly good degree of correlation between the results of the physical 
tests and the amount of alteration of the rock as determined micro¬ 
scopically. 

Eecommendations are also made for the suitable location of new 
quarries and concerning improved methods of work. 

Coal. 
2-t. The occurrence of coal in Talcher State, Oriswi, has long 

Tslcher coalfield. 
been known; and, in fact, the Talcher coal¬ 
field was the first to be described in the 

Memoirs of this Department [see Vol. I.]. Nevertheless, until 
recently the existence of workable coal has remained unproved. 
In 1918 I had occasion to cross the field whilst examining mica 
occurrences in Orissa, and visited Gopaiprasad, the best-known 
locality. I found myself compelled to agree with the unfavour¬ 
able views on the economic possibilities of the exposed coal- 
seams of this locality expressed previously by others, and re¬ 
ported that any further enterprise in examining this field should 
be directed to drilling in search of possible seams not exposed 
at the surface. Without being aware of my report, such work 
was commenced by Messrs. Villi^s Limited about a year later, 
and, as the result of a systematic drilling campaign, the 
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existence in two seams was speedily proved of considerable quantities 
of coal, wbicli, when tested, gave satisfactory results on railway 
trials. I was asked to visit the field in June, 1921, and take addi¬ 
tional samples, which on analysis gave the following results :— 

Seam 1 (Avebagd 
or 12 SAMPLES). 

Seam 3 (Avebaob 
j or 8 SAMPLES). 

1 * , As taken. 
Moisture- 

tree. 
As taken ^ 

1 

Moi'iture- 
fieo. 

Per cent. Per cent. Per cent. | 1 Per cent. 

Moisture. 11 33 11-71 
Volatile matter. 35-65 40-20 30-51 34-59 
Fixed caibon ... 4411 49-75 40-18 52 31 
Ash. 1 8 91 10 05 11 57 13*10 

100 00 100 00 100 00 100 00 

Oalorifio value of dried sample (oaloiios) •• 7056 .. 0737 

The two seams sampled were respectively 12 and 8 feet thick 
where sampled, and probably underlie a considerable area. In addi¬ 
tion, the boring operations have proved the existence of several 
other seams of coal, the extent and quality of which have yet to be 
determined. With the increasing difticulty of obtaining adequate 
supplies of coal in India for the country’s needs, the discovery of 
woncable coal in this field must be regarded a.'> an event of import¬ 
ance, which is increased by the greater proximity of the Talcher 
field to the Madras Presidency than ike oi.hei* fields of Bengal, Biliar 
and Orissa, 8ome 06 miles of railway are required to connect the 
fidd with the Bengal IsTagpur Railway at a point north of Cuttack, 
and the survey for the alignment has b(»eu compleUn-l, 

26. During the year I was also asked to advise the Railway 

Karanpura coalfield concerning the selection of blocks in the 
Karanpura coalfields. 

26. As noticed in the General Report for 1920, the boring for 
g . coal at Bhusawal by the Great Indian Penin- 

Bhittawal, ^ Railway Company in search of possible 
coalfields b^w the Deccan Trap reached a 

0 2 ^ 
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a depth of 658 feet by the 8th of March, 1920. On the arrival of 
the necessary lining tubes, boring was resumed on the 1st of August 
1921, and the hole had reached a depth of 1,165 feet from the surface 
on the 17th of January, 1922. As before, I examined the cores 
on the ground, finding that the hole was still in the Deccan Trap 
at the depth of 1,165 feet. The height of Bhusawal above sea-level 
is about 700 feet. The boring has therefore already reached a 
depth of 400 feet below sea-level. The Deccan Trap lava flows of 
India are generally regarded as having been extruded under sub¬ 
aerial conditions. Assuming the correctness of this view, which 
there seems no reason to doubt, this boring has already afforded 
evidence of a considerable downthrow by faulting of the Deccan 
Traps in this part of India. When it is remembered that the base 
of the Deccan Trap where seen exposed in the neighbourhood of 
Nagpur to the east is at about 1,000 feet above sea-level, it becomes 
evident that the traps of Bhusawal have been faulted down at 
least several hundred, and probably over a thousand, feet. It 
seems, in fact, justifiable to deduce that the Deccan Traps of India 
have at least as far east as Bhusawal been affected by the vast 
earth movements that led to the foundering of the Deccan Traps 
over what is now the Arabian Sea. The introduction of this factor 
of uncertain magnitude makes it impossible to form any idea of 
the depth to which this boring at Bhusawal must be pursued in 
order to pierce the trap. It has been decided, therefore, to con¬ 
tinue to the capacity of the machine, which is about 1,500 feet, 
and, if the trap has not been pierced by that depth, to discontinue 
the experiment. 

27. To meet a request of the Government of the Central I^ro- 

Korba coalfield. Mr. H. Walker paid a brief ^usit in 
November to Ghordeva on the Korba coal¬ 

field. Bilaspur district, in order to examine certain prospecting 
operations there in progress. 

Copper. 
28. Captain Palmer records the discovery by prospectors of 

native copper in the Sylhet Trap in the bed of the Urn Sohryngbew 
below Mawsmai, south of Cherrapunji. The metal occurs in leaves 
developed on a fault face, and its discovery has led to prospecting 
in other areas where the Sylhet Trap is exposed. Captain Palmer 
himself found indications of the presence of copper in the bed of 
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the Eilang river | mile west of height 187 bdow Langpa in Ijangrin. 
Here a spring issuing from a fault plane lias deiiosited ou I he cliff 
face a blue-green film of a coiipev salt. By micro-chemical iiiethods 
Dr. Christie has determined lhat this salt is a basic sulpha! e of 
copper, allied to, or identical •with, brochantite. Captain Palmer 
expresses the opinion that the ultimate source of this cojiper salt 
is to be sought for in the Sylhet Ti'ap, which crops out about a 
mile away. 

Engineering Questions. 
29. During December, 1920, and January, 1921, Mr. Fox exa¬ 

mined the sites involved in the yutlej River 

BlecWc projert^ Hydro-Electric Project lying in Bilaspur ytale 
and the Hoshiarpur district of the Punjab, 

and also the Ann Khad (Subsidiary) Hydro-Electric Project in 
Suket State, with the object of reporting upon the geological stability 
of the sites of the engiiicoiiug works contemplated. The principal 
work for the Sutlej River Project is the driving of a tunnel through 
the Naini Devi cidgo in order to short-circuit the Sutlej and thus 
provide a head of water. The most advantageous alignment from 
the engineering point of view is from the Malanna bend (31® 16' 
N.: 76° 37' E.) of the Sutlej river to a i>oint east of PahaT])ur (31° 
15' N.: 76° 35' E.), where the tunnel will terminate in a surge 
chamber 200 foot bdow the surface. The main channd will be 
continued southwards first as a tunnel and then as steel pipes to 
the power-house site near Naki above Kirithpur, whence the waste 
water from the turbines will be returned to the Sutlej. The effec¬ 
tive fall that will thus be provided is nearly 3^0 feet. The con¬ 
sideration of this case was conii>lieatod by the ])roje<*t to const met 
for irrigation purposes a great dam in tbc Bhakhva gorg<ri of the 
Sutlej, which, when built, will give a dojdh of o\cr 180 feet of 
impounded waters in the Sutlej at the intake end of the proposed 
tunnel in the Malauna bond. 

According to Mr. Fox, the ah'gnmcnt of the proposed tunnel is 
at right angles to the strike of the rooks: it traverses the Nahan 
beds (according to Dr. Pilgrim) forming the northern slope and crest 
of the Naini Den ridge and the Dagshai beds forming the southern 
slope of the ridge. The general dip is to the N. E. Both the Nahan 

*Ihe site lor tbis dam iras examined by Mr Vredenboxg in 1916—Hiee See, Cf.S I, 
XLVin, p. 18. 
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and Dagshai beds consist of alternating sandstones and marls, the 
Nahans containing a higher proportion of sandstone than the Dag- 
shais. After considering the details of composition, disposition and 
structure of the rocks, Mr. Fox concludes that it is only in minor 
works that any difficulties of a geological nature are likely to be met, 
and that no alignment could be selected in which the structural 
conditions are better and in which the engineering operations would 
be so simple. 

30. Ihe Ann Khad (Subsidiary) Hydro-Electric Project is a 
proposal to harness the waters of the Anu 

Elwtric p^^^iect. ^^***^^’ Khad. a large stream tributary to the Sutlej 
in Suket State, 10 miles N. N. W. of Simla. 

Five possible wa1:er power schemes exist; and they were all visited 
and examined by Mr. Fox. This project is concerned with much 
older rocks than the Tertiaries of the Naini Devi ridge, m., massive 
limestones, slates, quartzites, conglomerates and epidioritic tiaps, 
divisible into two series, of which the upper is of Krol and Infra- 
Krol type, and the lower of the Blaini and Infra-Blaini type. Mr, 
Fox reports that in all the 5 schemes the geological aspects are 
favourable, except that in Nos. 4 and 6, certain, though not in¬ 
superable, difficulties exist. Otherwise, the relative merits of the 
various schemes depend upon engineering considerations renting 
to the power to be obtained, cost of construction, and convenience 
of approach. 

Graphite. 
31. Rao Bahadur Vinayak Eao reports the existence of graphite 

near Onzon, E. S. E. of Thabeikkyin, in the Ruby Mines district of 
Burma. This graphite occurs as an irregular thin band some 3 to 4 
inches thick along a fault line in decomposed granite, and appears 
to be associated with pegmatite. Other parallel bands of graphite 
have been found. The graphite is of good quality, and has been 
worked by Burmese enterprise for at least the past two years. 

Iron-ore. 
32. During the field season 1920-21, Mr. H. C. Jones continued 

Siiiglibhiiiii and Orissa. iron-ore deposits of Singhbhum 
and Orissa, and completed the preliminary 

survey undertaken with the object of forming a minimum esti¬ 
mate of the total amount of iron-ore available. Amongst the deposits 
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visited may be mentioned Sasangda in Singlibhuni; Katamati, 
Thakurani Burn, Barabil, Bolani, and Joda in Keonjhar State; the 
main iron-ore range in Bonai State; and the iron-ore bodies on 
the Kemsara and Mitiiirda plateaus. He was helped in some of 
this work by Mr. C. T. Teychenn4, who also examined an isolated 
g*’oup of deposits in the Gandamardan range west of Keonjharghar. 
As the result of the preliminary survey thus completed, 
Mr. Jones finds that the iron-ores are fairly evenly distributed 
between the Singhbhum district, Keonjhar State, and Bonai State^g 

The iron-ore usuall}’’ occurs at the tops of hills or ranges of hills, 
but in Keonjhar State it is often found at low levels, and in some 
cases actually in the plains. The most important of these ranges 
of hills is the one that starts near Kompilai in Bonai State and 
continues in a N. N. E. direction to near Qua in the Singhbhiim 
district, a d is lance of about thirty miles. This main range rises 
some 1,800 feet above the plains, and iron-ore averaging over 60 
per cent, of iron occurs at the top of the ridge lor juactically the 
whole of the thirty miles. A few binall breaks occur where the rock 
has not been replaced by hematite, but these are negligible compared 
with the total length. The rocks forming the range dip about 
70® to 80® in a W. N. W. lo N. W. direction, so tliat the width of the 
outcrop of hcmalito gives practically the thickness of the ore-body, 
which varies up to about 1,000 feet. No work has been done to 
determine the depth to which these ore-bodies extend, but, in view 
of their great length and breadth, it seems probable that they 
continue to a considerable depth. In making the estimates, how¬ 
ever, in no case has a do])tli <^f more than 150 feet below tlie surface 
been taken into account, although, from difiercnces of height, 
between the ore at tho top of a hill and the ore ex]>oscd in stream- 
beds on the slopes of the hill, a depth of as much as 700 feet has 
been deduced. 

The niinimum quantities of ore of first quality containing not 
less than 60 per cent, of iron may be summarised as follows 

Singhbhum district 
Keonjhar State 
Bo3aai State 
Boubtfnl (Bonai or Keonjhar) 
Mayurbhanj State . 

Tons. 
. 1,074,000,000 
. 800,000,000 
. 656,000,000 
, 280,000,000 

16,000,000 

TOTil. . 2,832,000,000 
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Concerning the nature of the ores, Mr. Jones reports that practi¬ 
cally the whole of the ore is hematite, in which are oc:iEiona]ly 
found small octahedral crystals that are mainly mart’te. The 
high quality of the ore is indicated by the following figures repre¬ 
senting the range of analyses shown by samples taken from four 
of the chief deposits held by the Tata Iron & Steel Co.: 

lion 

i Sulphur 

Phosphorus . 

Insoluble residue 

Manganese 

Titanium 

Per cent. 

63*33 to 64-3 

0*016 to 0*030 
0*058 to 0*088 

1*12 to 2*49 

Trace to 0*104 
Trace 

33. Mr. Tipper records that hematite occurs in quantity in the 

Chitral quartzites of the Chitral Slate series half way 
between Sanoghar and Mastuj on the right 

bank of the Chitral river, where the talus slope consists of blocks 
of hematitic quartzite. 

Lead«ofe. 
34. The galena deposits examined by Dr. Murray Stuart, between 

the Fen-shui-ling and Lagwi passes, in the neighbourhood of Hiaw- 
gaw, close to the Burma-China frontier, north-east of Myitkyina, 
occur in a zone at the junction between altered sedimentary limestones 
and tuffs. This zone is veined and partially impregnated with the 
lead-ore. In addition to this, there is at the contact a pegmatite 
carrying galena, pyrite and chalcopyrite. The silver content is 
low, being only from 5 to 10 ozs. per ton of ore. Veins of slightly 
cupriferous pyrite, frequently 10 feet and more in thickness, also 
occur, and occasionally carry subsidiary veinlets of galena. 

The deposits are situated at an elevation of approximately 
11,000 feet above the levd of the sea, in a very bleak and inacces¬ 
sible region, snow and frost-bound for a considerable part of the 
year. They possess no itnmediate commercial value. 

Mangaaese*ore. 
36, Amongst the proposals of the Indian Industrial Commission 

was the addition to the duties of the Geological Survey of India 
of the work of periodical inspection of concessions of mineral rights 
belonging to Government, with a view to ensuring that the conces- 
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sinus were beins; worked to the bcsi advantage and witliout undue 
wa^te. Until the I)ef)artnie3tt reaches full sirona:th it v,\]\ pro¬ 
bably prove very dilHruU lo give adtMiuale eltect to this ])rop()sal ; 
but as an e\:|)eriinental loeanu'e, and at the request both of the 
Central Provinces Government and oC the Central Provinces and 
Berar Mining Association, 1 made a tour, in April, 1921, through 
the manganese districts of the province with a view to examining 
the methods of work and suggesting possible directions in which 
improvements could be elTeeted, and also Avith a view to advising 
the Local GovoruuiLiit of the extent to which the lessees were com¬ 
plying with the general terms of the mining leases. 

At each mine visited I made such geological examination as 
was necessary to <'nable mo to unravel the structure of the mineral 
deposit and explain ib to the manager. The large amount of de¬ 
velopment and excavation work that had been carried out since 
my tours of the manganese deposits made in the years 1903 to 1907, 
had revealed a much greater cojiiplexity of slructuro than could 
originally be deduced. The manganesc-oro deposits appear to belong 
to a delinile geological horizon in the Archsoaus. This horizon 
has of course been involved in the very complicated folding move¬ 
ments to which the Arohsoan rocks of the Central Provinces have 
boon subjected. The cousocinence is that in the workings the 
ore-bed is often seen lo be repeatedly folded, fold-axes having as a 
rule a marked pibcJi. l*hc pitch of the fold-axes determines the 
direction in which a given body of ore will persist in depth and 
oonse<pieutly the direction in which future work should ho prohc- 
cuted. Failure to clotect Ihis ]>iu*h and to understand its elfecla 
had resulted in several cases in failure to realise the structure of 
the deposit, and the c<mcesHionoireH had in many cases obtained 
surprising results in tlio way of discovering ‘ country ’ where ore 
was expected and oica ver,^a. No serious harn^ liad be(‘n done, 
but comprelionsiou of the effect of ])itcli upon the ore-bodies should 
help the mining community substantially in planning future de¬ 
velopment. 

Concerning the extent to^ which the lessees were comidying 
with the terms of their leasoR, it was found that in many cases no 
plans were being kept. Failure to keep such plana often results -in 
unintelligent work and not infrequently in the loss of a portion of 
the mineral deposits available. It also results in the history of a 
deposit being lost should there be lack of continuity of mai^gement, 
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as so often happens. The Local Government were therefore advised 
to direct the attention of the lessees to this particular requirenient 
of their leases. 

Mercury. 
36. Hitherto no undoubted occurrence of mercury or its ores 

has been recorded in any part of the Indian Empire. During his 
work in Chitral in the year under report, Mr. Tipper found that 
the sands of the Chitral river were in many places being washed 
for gold. As there is always a possibility of the occurrence of 
other rare minerals in such sands, a large sample of the concentrate 
was sent to Mr. Eox, the Curator of the Geological Survey 
of India, for examination. He found associated with the gold 
the following minerals ; quartz, beryl, tourmaline, garnet, apatite, 
magnetite, ilmenite, zircon, pyrite, tetrahedrite and cinnabar, 
but no platinum or other metals of the platinum group. The 
occurrence of cinnabar in these sands is of great interest, and 
points to the existence of a deposit of this mineral somew’here in the 
State. Mr. Tipper intends to search for this mineral with gieal care 
during the present field season. Needless to say the discox ery of 
a deposit of cinnabar would be of great economic importance to the 
State. 

Mica. 
37. Certain occurrences of mica near Nweyon in the Mandalay 

district and near Chaunggyi in the Euby Mines district W'cie exa¬ 
mined by Eao Bahadur Vinayak Eao. The mica, in all cases, 
occurs in pegmatite traversing the Archaean complex of gneiss, 
granite, chloritic and micaceous schists and marbles, that of Nw^eyon 
being amber-coloured, and of other occurrences either white, green, 
or dark-coloured. In no case was the mica seen large enough or 
abundant enough to be worth exploitation. 

Natural Gas. 
38. During the year, the occurrence of natural inflammable gas 

at Jagatia, a small village lying about 8 miles to the N. E. of the 
town of Kodinar in the Amreli Prant of Baroda State in Kathiawp,r, 
was brought to the notice of this Department, and Captain Palmer 
was deputed to make an examination. Seven bore-holes had been 
put down at Jagatia by the Tata Engineering Company on behalf 
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of Baroda State, of which four, varying in depth from 70 to 186 
feet, had yielded gas. The cloned prennuron, as inoasurod by Captain 
Palmer, wore found to range from 12-5 Ibn. per s<iuare inch to 
practically nil. Samples from Jagalia ha<l already heon analysed 
by Dr. Watson of Bangalore with the following results:— 

Jagatia. Baroda 
(Diwan’s wdll). 

Dr. Watson. Dr. Ohiistio. 

Per cent Per cent, Per cent. 

Motli«ine . • • 97 r> ' 98-0 04-2 
Carbon dioxide . , • • I 0 1 <) Nil 
Hydrogen . « • . • 1-5 10 Nil 
Nitrogen t * . . • . . 5'ir) 
Oxygen • « * » 

1 
0-03 

The cores of 5 bore-holes were examined by Captain Palmer, 
and show that the surface miliolile of recent age is underlain by a 
series of horizontal marine Tertiary clays and liniestonoH of very 
variable character ; these Tertiary bods rest direct ii]>on the Deccan 
Trap, w'hich was reached at a depth of 185' (>" in bore-hole No. 3. 
The occurrence of an impure, soft, white nuinmulitic limestone at a 
depth of 620 feet in this bore-hole, is taken ])y Captain Palmer as 
indicating a Lower Tertiary (Khirthar) age for these marine beds. 
But as the numniulites have not been s])ocifically recognised, this 
correlation must bo accepted w-ith reserve, particularly in vi(wv of 
the fact that all the known outcrops of Tertiary beds along the 
Kathiaw^ar coastal area are of Uaj (Miocene) age or youirger. 

Captain Palmer is of the opinion that the gas is indigenous to 
the Tertiary beds with their blue and calcareous clays and car¬ 
bonised plant remains, and that there arc no prosj)cets of finding 
additional gas supplies by deep boring at Jagatia owing to the 
proximity of the Trap to the surface. There are, in fact, no indica¬ 
tions of the existence at Jagatia of a gas field of economic value, 
for the reservoir of gas cannot be large, whilst the gas is under no- 
great pressure. 

Immediately before Captain Palmer’s departure to undertake 
this investigation reports of additional discoveries of gas in Baroda 
city itself were received. Baroda lies on a large alluvial tract, 
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and none but recent rocks are exposed in the neighbourhood. In 
the hope of increasing the supply of water in three wells, borings were 
made in the bottom of each and in two cases pierced gas-bearing strata, 
from which, in one case, considerable quantities of gas were emitted. 
These two borings are situated respectively in the compound of the 
Diwan’s bungalow and in the park of the Lakhshmi Villas Palace. 
Gas first issued from the Diwan’s well on September 26th when 
the borings had reached a depth of 145 feet 6 inches from the surface. 
With an aperture-meter Captain Palmer attempted to measure 
the open-fiow pressure of the gas ; he obtained variable results, owing 
to leakages from the lining tubes, that indicated a flow approxi¬ 
mating to 100,000 cubic feet per 24 hours. These leakages were 
subsequently stopped, and Mr. Dotivala, Assistant to the Director 
of Commerce and Industries, Baroda State, obtained results indi¬ 
cating a flow of about 85,000 cubic feet per 24 hours. The closed 
pressure was measured by Captain Palmer as amounting to 26 lbs. 
per square inch, but, owing to the leakages, this must be much 
below the truth. According to the rule often found to apply that the 
pressure of natural gas is that equivalent to the hydrostatic head, the 
closed pressure in the present case should be about 47 lbs. per 
square inch. The result of an analysis by Dr, Christie of a sample 
of gas collected by Captain Palmer is shown above. 

In the Lakhshmi VUlas Palace well, 82 feet deep, two bore-holes 
\fere sunk to 79 feet and 52 feet, respectively, below the bottom of 
the well, and both yielded gas. {The quantity, however, was small, 
and according to a measurement by Mr. Dotivala, the closed pres- 
stire was only 2-5 lbs, per square inch. 

Captain Palmer w^as not able to obtain from these borings at 
Baroda any reliable information concerning the nature of the 
strata underlying the alluvium. But from the occurrence of gas it 
may be deduced that Tertiary rocks similar to those of Jagatia 
underlie the alluvium of Baroda, A deep boring for water at 
KTimetha, 8 miles east of Baroda city, passed through 6 feet of soil, 
41 feet of clays and sands (apparently alluvial) and 786' 3" of Deccan 
Trap. 

The discovery of natural gas at these two localities on opposite 
sides of the Gulf of Cambay is probably one of considerable signi¬ 
ficance, The Gulf of Cambay is flanked to the east and west by 
land built of the Deccan lava flows, which are either horizontal or 
have only low dips. South of Broach, in Guzerat, and sporadically 
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round the littoral of Kathiawar, Tertiary rock^ overlie the traps 
and are themselves overlain by recent rock^^, in consequence of 
which, it follows that tlie Tertiary rocks arc much more widely 
spread than a])i)ears from tlie ina]). It is, in fact, a juvsiiliable use 
of the scientific imagination to suggest tliau Teitiary rocks underlie 
large parts of the Gulf of Cambay, and that they also oceu])y large 
areas under the alluvium at the head of the Gulf, including the area 
under Baroda. It is, therefore, reasonable to conclude that, as gas 
has been proved to exist in concealed Tertiaries under Jagatia, the 
gas discovered at Baroda is also issuing from conc^^aled Tertiaries. 

The geological considerations advanced above indicate that in 
Tertiary times—Captain Palmer would say early Tertiary times— 
the geography of Kathiawar and Ouzejat was very similar lo thaf 
of the present time. Kathiawar was ihen a j)eninsu]a, \\'ith much 
of its present form, but smaller in area. TJie Gull of Cambay was 
more extensive than now, so tliat its waters covered llie area of 
Broach and waslicd the shore-lino lying between Baroda and 
Nimetha. In this old gulf, clays, mails and limestones were 
deposited, and the vegetable remains, wliich were buried in these 
sediments, gave rise to. the natural gas which is now issuing from 
the borings. 

The conditions in the Tertiary Gulf of (^nuibay \vero, as far as 
we know, favourable to the production of polroleum, but the subse¬ 
quent history of the area has left the old sea-bed relatively undis¬ 
turbed, and, in the al»sciico of structures favourafde for the ac¬ 
cumulation of oil, no borings for it seem jnstiliabl<*. With gas, 
however, tJie case is diflorent, for some of the gas-fields of the 
North American ('Oiitimml are f.iluHted in strata lhal are nearly 
horizontal. It is Jiot impossible, ilierefore, that there is a gas- 
fiold of great value bt*neath Baroda ciiy. H is also ])ossibh* that 
the gas seepages in Baroda will fail after a few months, but tliis 
seems somewhat unlikely, as according io rej)oi‘ts received fou,i* 
months after the initial discovery, the rate of flow of the gas has 
shown no decrease. 

Oil«shales. 
39. The occurrence in the Amlierst district of Burma of basins 

of Tertiary rocks containing oil-shales in the upper beds is noticed 
on page 63. Of these Tertiary basins only one, according to 
Dr. Cotter, lies entirely in British temtory, The remainder lie 
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partly in Burma and partly in Siam, and are bisected by the 
Thaungyin river. The basins are as follows:— 

(1) The Htichara basin, lying between Thingannyinnaung and 
Tawok, about 14 miles in length, and about 9 miles in 
width, traversed by the Mepale river, and entirely in 
British territory. 

(2) The Phalu basin. This extends to about 10 miles south of 
ilyawaddi, but lies mainly in Siam. 

(3) The llesauk-Mehtalaun-Melamat basin lying mainly in Siam, 
but extending westwards across the Thaungyin into 
Burma. It is not clear whether this is distinct from 
the Phalu basin or a northward continuation of it. 

Of these three basins the Htichara basin is the most accessible, 
whilst it appears also to be the least disturbed; it is, therefore, to 
this basin that, in Dr. Cotter’s opinion, attention should first be 
directed in testing the economic possibilities of the oil-shales. 
It would be premature to say anything regarding the prospects of 
working these shales. Dr. Cotter has, however, taken samples 
of oil-shale from various localities, and he hopes, as soon as the 
analyses are completed, to submit a full account of the economic 
geology of the area. 

Petroleum. 
40. During August Dr. Cotter paid a brief visit to the Padaukbin 

oilfield in the Thayetmyo district, Lower Burma. The results of his 
observations are recorded in a paper appearing in this issue of the 
Records. 

Sulphides. 
41. Associated with the galena deposits of the Shweli-N’Maihka 

Burma. divide, already described under "Lead’, are 
veins of iron pyrites, containing a small 

percentage of copper pyrites. Although some of these veins are 
more than 10 feet wide, the locality is so remote from civilization 
and access to it so difficult, that the occurrence has no com¬ 
mercial value at present. 

42. During his survey of Chitral, Mr. Tipper found numerous 

CMiral. occurrences of sulphide minerals, the usual 
association being galena, zinc-blende, copper- 

pyrites, iron-pyrites, tetiahedrite, and jamesonite, in varying 
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quantities. The majority of the occurrences lie in the formation 
named by Sir Henry Hayden the Sarikol Shales. This formation is 
probably of Lower Carboniferous age, and is well exposed on the 
right bank of the Chitral river opposite Chanan and forms the 
ridge separating the Tirich valley from the main river. The Sarikol 
Shales continue on the same line of strike to the N. E., and have 
been followed continuously southward as tar as the Barir. The 
formation may be separated into two divisions- an u])per, mainly 
quartzitic, and a lower, mainly shaly with subordinate quartzitic 
bands. The folding has been intense, and complicated overfolds 
are very common : in addition, di]) faults have complicated the 
structure. Two sets of intrusive rocks traverse this formation :— 
(1) a set of mica-peridotite dykes and {‘2) granitic dykes, of which 
the former ate older. The Tirich granitic gneiss has also contri¬ 
buted to the modification of this formation in its southern exten¬ 
sion. There seems to be little doubt that the minei'alization has 
been almost wholly confined to the ([uartzitic portion, whether it 
be the more massive upi)er quartzites or the irregular quartzite 
bands of the lower division. In some localities, as, for example, at 
Zani Kap, two miles north of the village of Kushm, a small amount 
of excavation has been done in the searcli for purer ])ai.cheH of galena 
in the mineral veins, which at this place are banded, from 3 to G 
inches thick, and cut across the quartzites. 

Water Supplies. 
13. The (luestion of iu(*reasing the wat(‘r supply at Quetia, by 

Bduchfatan:Quotta. '‘P«vial plain in 
soarcli of artesian water at 500 to 1,000 feet 

below the surface., was referred to in the (general Ro])ort for 1910 
(Beoor(k, LI, ]). 17). fn 15)30, Mr. Crookshauli ]iaid a brief visit 
to Quetta to advise on th« selection of u site for an experimental 
deep boring to tost the possibilities noted by JDr. Cotter in his riqiort 
of 1919 ; two alternative sites were seJcctcd by Mr. Crookshank 
in consultation with the local authorities. 

44. In order to provide a comprehensive water-supply to meet 
n .. c,,., the increased requirements of the Assam- 

Bengal Railway at Chittagong, Pahartali> and 
Chittagong port, thtf Assam-Bengal Railway has unW consideration 
the constniction of a reservoir by placing an earth embanlanent 
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across the Gahur Nala in a catchment area enclosed by low hills 
to the north of Pahartali. This Department was asked to arrange 
for a geological examination of this site in order to ascertain its 
water-holding qualities. Sir Henry Hayden in 1906 reported on 
the water-supplies of Chittagong, and examined then the site of 
the proposed reservoir; he came to the conclusion that a large 
amount of water would be lost by percolation, and that a much 
better alternative measure would be to obtain a supply from artesian 
sources. The latter alternative was adopted, and the Municipality 
of Chittagong is supplied from this source at the present time. The 
Assam-Bengal Railway are now seeking for a supply of water addi¬ 
tional to that obtainable from the Municipality, and, rather than 
sink additional wells to tap the same artesian supply, would prefer 
to construct the reservoir referred to. In view of Sir Henry Hayden's 
opinion on this site, the problem put before the Geological Survey 
was the determination of the upper limit of the possible losses by 
percolation. The additional supply of water required by the 
Railway is 185,000 gallons a day, whilst this reservoir, allowing for 
evaporation, but not for percolation, would give 740,000 gallons 
daily under the worst conditions. Thus, about 75 per cent, of the 
possible supply could be spared for percolation, or, say, 50 per cent, 
allowing for future requirements. The problem for solution is, 
therefore, whether the loss by percolation is likely to amount to 
anything like 370,000 gallons a day. Although the problem is 
really an engineering one, yet Mr. E. L. G. Clegg was deputed to 
visit Chittagong and see if a solution was possible. Owing to the 
thickness of the jungle, the geology was for the most part obscured, 
but sufficient was seen to show that the hills are composed of soft 
friable Upper Tertiary (Siwalik) sandstones, with alternating bands 
of shale, and occasional thin limestone bands dipping in an B. by S. 
direction at low angles (10°). The soft sandstone is the predominant 
rock, and one in which a large amount of water will be lost by 
percolation. Owing to the low dip of the strata and the presence 
of impervious shale bands, a fair quantity of water lost by percola¬ 
tion in the upper portions of the catchment area during the rainy 
season, is recovered in the lower portions of the catchment area 
from spnngs which contribute in the dry season to the perennial 
streams. From this Mr, Clegg deduces that some idea of the amount 
of percolation that takes place may be obtaindfi by measuring the 
quantity of water flowing from the catchment area during the dry 
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season. Corrections must be made, of course, for flood waters 
due to rainstorms during the dry season. Based on this idea, 
Mr. Clegg has devised a iornmla for determining the loss of water 
by percolation; the utilisation of this formula depends upon the 
actual determination of the run-ofli during the wet and the dry 
season separately and the determination or assumption of the losses 
due to evaporation. Until these data have been ascertained, it 
is of course impossible to give a definite answer to the problem 
propounded, and the railway authorities have in consequence been 
advised to take immediate ste2)s to determine the run-oft experi¬ 
mentally. 

45. Oving to the increasing inconvenience caused by the very 
„ , ^ deficient rainfall at Amraoti in Berar in 1920, 

it was necessary in the early part of 1921 to 
give further attention to the possibility of efiecting an improvement 
in the water-supply of this town. A summary of Mr. Pox’s conclu¬ 
sions concerning the possible methods of improving the water-supply 
of Berar in general and of Amraoti in particular is given on page 
14 of the General Report of 1920. None of the measures there 
suggested, however, would, even if successfiJ, lead to any early 
result. Amraoti is situated partly direct on the Deccan Trap and 
partly on alluvium overlying the Deccan Trap, and many of the wells 
obtain their water direct from the decomposed upper portions of the 
Trap. As each basalt flow has a vesicular surface, 1 raised the 
question whether the surface of each successive flow was not likely 
to bo water-bearing and thus provide a freshwater stratum every 
60 to TOO feet, according to the thickness of the flows, and as long 
as access of water from the surface to the various flows was possible- 
With such a possibility it seemed desirable to prepare a geological 
map of Amraoti, showing each flow separately, similar to the map 
prepared some years ago by Mr. JFox and myself of the Linga tract 
in the Chhindwara district. Mr. Fox, therefore, revisited Amraoti 
in 1921 and prepared such a detailed map, in particular of the 
quadrant to the S. E. of Amraoti, where the rocks are best exposed. 
The result of his work has been to establish definitely the following 
points;— 

(1) The water obtained in wells sunk into the Deccan TtAp 
is derived either from the decomposed upper porlioto 
of the trap, or more usually from the porous horuons 
marking the junction of each pair of flows 4nd otimposed 
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mainly of the vesicular surface of the underlying flow, 
but also to a small extent of the somewhat vesicular 
and decomposed base of the overlying flow. 

(2) It follows from (1) that the non-vesicular and hard portions 
composing the interior of each flow must be regarded 
as relatively impervious to water, except for fissures 
and joint planes. 

(3) The flows at Amraoti have been thrown into gentle corru¬ 
gations aligned W. by S. to E. by N., with an average 
difierence of about 40 feet between crest and trough. 

(4) The whole mass of flows has a very gentle tilt to the 
W. N. W., which Mr. Fox estimates as ranging from to 2°. 
1° corresponds to a fall of 92 feet per mile. Judging 
from Mr. Fox’s map, however, this is too large a figure 
to use over any distance, and the best figure to use 
would be 40 feet ± 10 feet per mile. 

With this knowledge it is j)ossible to explain the apparently 
capricious difierences between existing wells, some of which provide 
a relatively abundant supply of water, whilst others are very dis¬ 
appointing, Based on this work, Mr. Fox recommends that should 
it be desirable to sink any further wdls, the sites should be selected 
as close as possible to the axes of the troughs as demarcated upon 
his map, provided that any such sites can be found that are not 
nearer than, say, 600 feet to any existing wells on or near the trough 
axis; otherwise the additional supply yielded by such fresh wells 
will be in part neutralised by a decrease in the supply from the 
adjoining wells. 

46. To meet a request from the Governing Body of the projected 
Indian School of Mining and Geology, Mr. 

DluSb^ Orissa: (jlegg was asked to visit the School site and 
report on the possibilities of obtaining an 

adequate water-supply. The site is on high ground on the 
Govindpur road, miles N- E. by N, of Dhanbad railway station. A 
survey of a few square miles of country showed that the rooks in the 
vicinity of the School site are all crystalline, consisting of various 
types of biotite-gneiBs, with schists (hornblende, and quartz-felspar), 
amphibolitic intrusives, and fault-breccias. The gneiss, which is 
the principal rock, strikes N. W., and is traversed by parallel bands 
of fault-breccias with a similar strike, the breccias cutting both 
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the gneiss and iilie amphibolites. From a comparative study of 
the rocks and of the existing wells at Dhanbad, Mr. Olegg considers 
that, given a proper selection of sites, adequate supplies ol water 
should be obtainable by means of wells, partly from the decomposed 
gneiss, and partly from tbe dykes of fault-breecia. At the site 
sdected for the first well Mr. Clegg recommends sinking on the 
gneiss dose to a dyke of fault-brecda to a depth of 100 to 120 feet 
from the surface, and then, if a sufficient sup])ly of water has not 
been obtained, driving galleries from the base of the well in N. B. 
and S. W. directions, i.e., at right angles to the strike, in order to 
intersect the joint planes and fault-breccias. Mr. Clegg anticipates 
that a deep well sunk at the point selected will yield a water supply 
of about 15 gallons per minute or 21,600 gallons per day. 

4.7. During his investigation of the geology and mineral resources 
of Ralsette Island, Mr. K. A. K. Hallowes 

Island!***^* Salsette considered the question of improving the 
existing water supply ol the island. The 

geological structure is such that there i.s no hope of obtaining an 
artesian supply, whilst absence of porous intertrappean horizons 
predudes any hope of success from deep boreholes into the trap. 
Mr. Hallowes suggests that the present supply might be slightly 
improved by deepening many of the wells which have been sunk 
into the decomposed upper layers of the trap. This deepening 
would have the effect of opening up more of the porous layers and 
also give increased storage. The deepening should not bo under¬ 
taken where there is a possibility of allowing the inflow of salt 
water, as on the coastal flats or on the shell concrete. The real 
solution, according to Mr. Hallowes, lies in the construction of 
storage reservoirs. Several suitable Hit.es are described in his 
report. 

48. During the early part of fidd season 1920-21 on account 
of a proposed change of gauge of the Jodhpur- 

Eailway which would necessitate an 
increased comsumption of water, Mr. 0. H. 

Tipper examined the present supply available to the railway between 
Luni junction and Khokropahar. This line of country, runnjng 
almost east and west, is of varied character geologically. Qliltoati- 
cally it is arid and largdy buried under Subae]^ fi<^9its< Xfi the 
report submitted by Mr. Tipper, which doos not leh^ itsdf to 
summarisation, he has made suggesiaona fot 4eq)ei£Caehtal >ork 
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which may lead to an increased supply at different points on this 
part of the line. 

49. While in Jodhpur, Mr. 6. H. Tipper examined and sub- 
rif.7 mitted a brief report on the borings under- 

^ ‘ taken by the Jodhpur Durbar to test the 
water carrying capacity of the Vindhyan sandstones forming the 
high ground to the north of Jodhpur city. The experimental 
work connected with these borings is still in progress. 

Wolfram. 
50. During his survey of Jodhpur State, Mr. Tipper, accom¬ 

panied by Mr. Crookshank, made a further examination of the 
Rewat Hill near Degana railway station, an account of which has 
already been given by Sir Henry Hayden.^ Mr. Tipper has sub¬ 
mitted a report with more details than were previously obtainable. 
Rewat Hill is composed almost entirely of gneissose granite, which 
has been intruded into dark-coloured schists. From a study of 
the workings, in which wolfram is still visible, Mr. Tipper concludes 
that apparently woKram is developed only in those quartz-veins 
that carry mica, and are either in or close to the gneissose granite. 
He notes also that the alluvial deposits surrounding the hill contain 
a considerable amount of wolfram, which, as is well known from 
experience in the moist climate of Tenasserim, is a mineral that 
breaks up easily and disappears readily in the ordinary process of 
weathering. These natural processes are reduced to a minimum 
in such a locality as Rewat Hill, and the wolfram has therefore 
remained. Mr. Tipper records the presence in the wolfram work¬ 
ings of fluorite, and of a composite phosphate, to which the name 
‘ triplite ’ has been given; whilst liebethenite has been noticed on 
one specimen. One specimen of fluorite picked up on the south 
side of Rewat Hill gave reactions for tungstic oxide, bismuth and 
uranium, and Mr, Tipper suggests that it is possible that the 
two latter metals are combined to form the mineral ura^io- 
sphaerite* 

aeoLooicAL surveys. 

61, Captain E, W. Palmer devoted the entire field-season of 
1920-21 to the survey of some 600 square 
miles of the Khasi Hills lying to the west of 

Amm: Khasi Hills. 

\Bec. Q. J3, I., 5LVII, p. 26. 
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Cherraptniji, thus connecting up the work of Medlicott on the east 
to that of La Touche and Bose further wosi. The area surveyed 
consists largely of the plateau country, but includes a strip of low 
ground at the southern foot ot the plateau. On account of the heavy 
rainfall, generally regarded as the largest in the world, and of the 
sudden fall of the plateau on its southern edge, the intensity of 
erosion in these hills is very great, resulting in the fomiation of deep 
canyon-Hke valleys with plateau remnants between. On account 
also of this heavy rainfall, the valleys are filled with almost impene¬ 
trable jungle, and for this reason, combined with the high topogra¬ 
phical relief, the tracing of exact geological boundaries is a matter 
of impossibility, and it is necessary in many cases to select their 
positions on the map from a general knowledge of the disposition 
of the rocks. In his survey Captain Palmer encountered all the 
rook series met by Medlicott in the Cherrapunji tract, with the 
e.xception of the Shillong series. 

The Assam plateau is an ancient land mass, composed in the 
area mapped by Captain Palmer entirely of igneous rocks. In 
the north of this tract it is built of gneiss and granite, and in the 
south of a massive series of lava-flows named by Medlicott the 
Sylhet Trap, and considered by some to be equivalent to the Jurassic 
Eajmahal Trap and, in any case, to be earlier than Upper Creta¬ 
ceous in age. These lavas, with the gneisses and granites, formed 
in pre-Cretaceous times the north-eastern corner of the great cont¬ 
inent now represented by the Peninsula of India. In Cretaceous 
times, according to Captain Palmer, tlus land mass become slowly 
submerged, due to a transgi'cssion of the ocean from the south, 
and a carpet of sedimentary rocks was laid down upon the igneous 
sea-bed. Deposited in a transgressive sea, the Cretaceous rocks 
thin to the north, and are conformably overlain by nummulitic 
limestone with a somewhat similar distribution. In the case of 
the latter rocks, the marine limestones in the south show signs of 
passing northward into estuarine fragmentary dejmsits in which 
beds of coal are frequently developed. The uummuUtio rocks are 
in turn conformably overlain by a series of later Tertiary sands 
and clays, the age of which is not at present ascertainable, as the 
only organic remains discovered in them are indeterminable frag¬ 
ments of rotten wood. In the area with which Captain Palmer’s 
report deals, the post-nummulitic rooks are confined to the foot 
of the plateau. In the north of the area surveyed sedimentary 
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locks lie undisturbed on the plateau, but in tke south they are bent 
down in a monocline and sink beneath the alluvium of the plains. 
The steep southern edge of the plateau is in general the dip slope 
of the bent Cretaceous rocks, and the foot-hills are built of the 
basset edges of the overlying Tertiaries. Captain Palmer describes 
in some detail the composition of the rocks composing the various 
formations and their relationship one to another. The detailed 
observation of the distribution of the Cretaceous rocks in particular 
and their relationship to the underlying rocks affords ample evidence 
of this transgression of the southern ocean postulated by Captain 
Palmer. The evidence indicates, in addition, that there was a 
pause in the period of transgression before the higher portions of 
the plateau were finally submerged, as the result of which Creta¬ 
ceous outliers are to be found both on the hill-tops and in the pre- 
Cretaceous valleyto. 

Although Captain Palmer has not attempted to sub-divide the 
Tertiary rocks overlying the nummulitics. yet they are roughly 
divisible into a lower series, about 6,000 feet thick, of clays, and an 
upper series, some 10,000 feet thick, in which sandstones predominate. 
The lower series is, according to Captain Palmer, probably to be 
correlated with the coal measures of Upper Assam, and the upper 
series with the Tipam group. 

Three oil seepages were visited, and, according to Captain 
Palmer, they lie near the summit of the lower series corresponding 
to the coal-measures of North-Eastern Assam; Captain Palmer 
suggests that they indicate the existence of an extensive and 
probably rich oilfield. The oil is seeping out, however, from the 
broken ends of a monocline, and the emission of gas suggests that 
this oil is being forced up the steeply dipping strata by the pressure 
of gas accumulated in a dome of oil-bearing strata underlying the 
alluvium of the Sylhet plains. This oil-field, Captain Palmer thinks, 
must be regarded as inaccessible, for it is overlain by both alluvium 
and the Tipam series, and even phould the difficulty of its great 
depth not prove insuperable, there would still remain the difficulty 
of locating the exact situation of the oil-dome. 

At the end of his progress report Captain Palmer indulges in 
an interesting speculation concerning the origin of the faunas 
in the Cretaceous and Tertiary rocks of Assam. According to him, 
the Shillong plateau consists of two distinct elements. There is 
the Peninsular element consisting of gneiss and granite (with the 
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pre-Cambrian Shillong series), the lava flows of the Sylhet Trap, 
and the overlying Cretaceous rocks with a faunal aj0B.nity to the 
Cretaceous of South-Eastern India. Above these is the Himalayan 
element of Tertiary rocks. 

The Shillong plateau is the noi‘th-eastern corner of Peninsular 
India, Irom which it has been cut off by the subsidence of the 
Ganges valley area ; to the north it is bounded by the recently 
elevated Himalayan region. 

The great southern ocean of Cretaceous times was bounded on 
the north, according to Suess, by a shore-line stretching from the 
Cape of Good Hope to Cape Comorin and then north-eastward to 
Assam. This ocean swelled up over the land in Cenomanian times, 
and it is possible that the Cretaceous rocks of the Khasi Hills were 
deposited during some such great transgression. 

While the southern Cretaceous ocean was flooding the highlands 
of Assam, the Tethys, with a distinct fauna, was extending its 
range eastwards from the region of the Gulf of Cambay. When 
the nummulitic fauna had been born and established in the Tethys, 
tectonic movements brought its waters into communication with 
the Assam gulf of the southern ocean. The geographical change 
that mingled the waters of the two seas brought about a change in 
the natuie of sedimentation. The sea-bed was undisturbed in the 
Assam region, but limestones were formed on it in place of sand¬ 
stones. The nummulitic fauna replaced the Cretaceous by invasion, 
and by this invasion Captain Palmer explains the occurrence 
of a faimal break between the Cretaceous sandstones and the 
overlying conformable numnxulitic limestones. According to Captain 
Palmer, these deductions follow logically from the facts cf the 
geographical distribution of the nummulites, which were evolved 
in and confined to the ancient Tethys, so that the very fact of 
nummulitic rocks being found in Assam shows that the Tethys 
ranged into that province. This speculation of Captain^ Palmer 
involves as a corollary the extension of the Tethys to Burma, 
where nummulitic rocks are also found. 

In his account of the physical features of the Khasi Hills, Captain 
Palmer draws special attention to the straightness of many of the 
river valleys, which can be seen at once from an inspection of the 
new contoured one-inch maps of this portion of Assam, in particular 
from sheet No. 78*0-7. In one case, Captain Palmer is able to show 
that three different river valleys occupy in turn a faulted boundary 
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between gneiss and granite for a total distance of 6 miles. In other 
cases it is demonstrable that straight valleys are attributable to 
straight master joints in the overlying Cretaceous sandstones, and 
that denudation has pursued its course along such joinlte down into 
the underlying gneiss or granite. 

62. During the field-season of 1920-21, the Bihar and Orissa 
and Central Provinces Party consisted of 

Ccntri^Pm^c^Pai^^ myself (in charge), Messrs. H. C. Jones, C. T. 
Teychenn^, E. L. G. Clegg, and Sub-Assistant 

Durgashankar Bhattacharjee recently promoted from the rank of 
Field-Collector. My own time was divided between a continuation 
of the survey of the Sausar tahsil, Chhindwara district, a visit to 
Amraoti in connection with water-supplies (see page 33), and a 
visit of inspection to the manganese mines of the districts of 
Chhindwara, Nagpur, and Balaghat (page 24). Whilst awaiting my 
arrival in the field, Messrs. Clegg and Bhattacharjee went to Linga 
and studied the Deccan Trap lava flows with the aid of the detailed 
map prepared some years ago by Mr. Fox and myself. Subse¬ 
quently they joined me in the Sausar tahsil for initiation in the 
methods of work applicable to local geology, before being assigned 
separate areas for independent work in the Nagpur district. Mr. 
Jones continued his examination of the iron-ore deposits of Singhbhum 
and Orissa, and also imdertook the initiation of Captain 
Teychenn4 into Indian field-geology. Captain TeychennS was subse¬ 
quently assigned independent work in the estimation of quantities 
of iron-ore in portions of Keonjhar State. His figures have been 
incorporated by Mr. Jones in the totals summarised on 
page 23. 

53. Beferenee has already been made in the two preceding 

Bihar and Orissa • Beports to the geological results 
^nghbhmtu * obtained by Mr. H. C. Jones during his survey 

of the iron-ore deposits of Singhbhum and 
Orissa. Important additional information obtained this vear makes 
it necessary^ to refer to previous work in this part of India. The 
tract on which Mr. Jones bases his geological results is the part of 
the Eolhan estate in Singhbhum lying to the south of the area 
represented by V. Ball in his map published in 1881 in Vol. XVIII 
of the Memoirs of the Geological Survey of India; to the south 
also of Ball s area lie, it is interesting to note, all the valuable iron- 
ore deposits. Ball grouped under the term * sub-metamoiphic ’ 
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all the slaty and schistose rocks 0/ Rinsfhbhuni, including the slaty 
shales that are found further south to be associated with the iron- 
ore deposits. J. M. Maclaren, in his survey of the gold deposits 
of Chota Nagpur^ in decided on lithological grounds that 
these sub-nietamorpliic rocks could be con-elated with the Dharwars 
of Southern India, and applied to them the term Dharwarian. 

This correlation was accepted by myself as a probable one during 
my visits from time to time to scatlej-ed mineral deposits in various 
parts of Singhbhum, and in my Presidential Address to the Geolo¬ 
gical Section of the Indian Science Congress at Bombay in 1919, 
I put forward the following general classification of the Archaean 
rocks of Chota Nagpur 

(1) Oldest gneisses and granites, not yet certainly identified. 
(2) Dharwar sediments and contemporaneous lavas. 
(3) Oldest gneisses re-ineltcd—^now ])ost-Dbarwar and ]3robably 

forming a considerable porlion of the ‘fundamental 
gneiss.* 

(4) Post-Dllarwar intrusives— 

(a) Peridotiles and other ultra-basic rocks. 
(b) Granites and pegmatites. 
(c) Bpidiorites (altered dolerites and gabbros). 

The rocks regarded by me as Dharwars in the KoUian to the 
west are, however, markedly less metamorphosed than those of 
Dhalbhum bo the east; but I aserilxHl the difference as due to a 
decrease in the intensity of tnetamorpliism on passing from cast 
to west. During the year under review, however. Mr. Jones has 
discovered indubitable evidence that two distinct sedimentary series 
have been grouped tiudcr the term Dharwars, for at Jagannathpur 
south of Chaibassa, what ho describes as fcho Iron-ore series is seen 
resting unconformably upon the upturned edges of schists and 
quartzites, to which it may now bo necessary to restrict the term 
Dharwar.® 

^ Bee. 0, 8. VoL XXXI, p. 70. 
* JProc. As, 80c, Beng., VoL XV, p. obexviL 
® Mr. E- Pwsons, Oool<^srti to Messrs. Villiers, Limited, also states that the Iroa-ore 

series is later than the Dharwars and gives a succession for tho iron-ore series similat 
to that worked out by Mr. Jones. Soo * Indian Iron-ores,* Mining Magttstir^ XXVL 
Jan. 1922, pp. 943. * -v 
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According to Mr. Jones, the composition of the Iron-ore series 
is as follows :— 

(1) Newer slaty shale ^ 
(2) Banded hematite quartzite > A great thickness of each. 
(3) Older slaty shale j 
(4) Purple and pale-grey limestone (40 feet). 
(6) Basal sandy conglomerate^ (60 feet). 

According to Mr. Jones, the position of this Iron-oreseries lies 
between groups (3) and (4) of my classification. After the deposi¬ 
tion of the rocks of the Iron-ore series upon the upturned and 
denuded edges of the Dharwars, the granite of Central Singhbhnm 
was then intruded into the whole, but this granite seems, as a rule, 
to hav^ raised and folded the rocks of the Iron-ore series rather than 
to have penetrated them; but in places the lower beds of the series 
have been penetrated and absorbed by the granite. This penetration 
was followed by a period of basic intrusions mainly as dykes in the 
granite, but to a less extent in the Iron-ore series. There are also 
large quantities of interbanded basic igneous rock in the Iron-ore 
series, some of which is apparently contemporaneous and some later. 
Ash-beds have also been found in the interbanded basic rocks. 
There is evidence of more than one period of basic intrusion, whilst 
intrusions of ultrabasic rocks have abo been found. These intrusions 
of igneous material were accompanied by, or followed shortly by, 
folding and faulting of the Iron-ore series on a very extensive 
scale. Near the granite south of Chaibassa, the rocks of the series 
have a general N. N. E to S. S, W strike, and are gently folded. 
Towards the west, however, the dips become greater, and the rocks 
have been very much folded and faulted. This faulting is well seen 
near Lipunga, and a strike fault apparently runs along the whole 
length of the east side of the main iron-ore range. The rocks to 
the west of the fault have a very steep dip in a westerly direc¬ 
tion. In the north part of the range the banded hematite-quartzites 
and associated iron-ore bodies have a general N. N. E. to S. S. W. 
strike, and dip at about 70^ to W, N. W.; towards the south the 
strike becomes nearl' north and south with a similar high dip to 
the west. The hematitic iron-ore bodies are associated with the 

^ The presence of a conglomerate quartzite at Amdiha between Saraikela and Bagni, 
and north of the area escamined by Mr. Jones, may now find an explanation. See Ball,, 
ifew". €t. 8. XVni, p, 127. , - 
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hematite-quartzites, forming division 2 of the Iron-ore series. Con¬ 
cerning the origin of these enormous bodies of iron-ore, Mr. Jones 
is not yet prepared to give a definite opinion, but he has evidence 
indicating their origin as a replacement product in the banded 
hematite-quartzites and to a much smaller extcmt in the shales 
underlying and o^erlying the qxiartzite. Notes on the magnitude 
of the ore-bodies and the quantities thereof are given on page 23. 
Concerning the relationship of the Iron-ore series to the Cuddapahs, 
Mr. Jones has recorded the presence above the newer slaty shale 
division of the Iron-ore series of a conglomeratic breccia, which he 
refers tentatively to the Cuddapahs {Ree* G. S. LI, p. 18), 
thus treating the Iion-ore scries as pre-Cuddapah. But this view 
cannot be confirmed until the geological survey is undertaken 
of the ground intervening between the portions of the Kolhan 
already mapped and the tracts mapped as Ciiddapah in Gangpur 
State to the west and Bonai State to the south-west. The intrusive 
relationship of the rocks ol my division (4) to the Iron-ore series 
tends, however, to support the view that the Jron-ore series is 
Arch an and pre-Cuddapah in age. Should further work confirm 
this view, it will then be necessary to decide whether the terra 
Dharivar should remain restricted to the lower division, as is at 
1. resent proposed, or whether these rocks should be treated as 
Lower Dharwars and the Iron-ore series as Upper Dliarwars in 
accordance with the view that the term Dharwar should bo used 
in a comprehensive manner for all the stratified rocks lying below 
the Eparohsoan unconformity, as is in fact the practice in Mysore,^ 

64. During Februaiy and March, 1 was able to devote about 
1.1 months to the (continuation of the geolo- 

Chhlndwra dtetrict?* ’ survey of the Hausar tahsil of the Chlund- 
wara district. As in i)revious years, the 

formations mapi)ed included alluvium, Deccan Trap, Infra-trapj>eans 
and Archeeans, and tlu* gencrjiil results obtained confirmed work 
previously done. A study of the edge of the Deccan Trap south 
of Sausar and west of Lodhikhera led to the discovery of a number 
of normal faults ranging in strike from E. 40® S. to E, 10® N. It 
would prove exceedingly difficult and probably impossible to trace 
these faults to any fistance westwards through the Deccan Trap 
country, but it is perhaps significant that the region of faulted 

»Mm, a, 8. U XXXm p. X120 (1909). 
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country north and south of Sausar is on the strike of the great 
EUichpur fault in Berar. Three small basalt dykes of Deccan 
Trap age were also discovered. 

As usual, the infra-trappean rocks were found to consist partly 
of true sediments (argillaceous sandstones, clays and conglomerates), 
and partly of siliceous rocks and limestones formed by the chemical 
replacement of these sediments or of the Archaean rocks, whichever 
the Deccan Trap happens to rest upon. Near Borgaon a Lameta 
conglomerate, which has escaped replacement, contains pebbles and 
boulders, up to a yard in diameter, mainly of Archaean gneisses and 
granites in a matrix of argillaceous sandstone. One pebble, 
however, was composed of a dark limestone of Cuddapah aspect 
and another of a graphitic phyllite. As neither of these rocks have 
been observed in situ in this part of the Central Provinces, this 
discovery indicates that these conglomerates are not always of local 
origin, and suggests the remote possibility that, instead of belonging 
to the Lameta series, they may possibly constitute an outlying 
patch of Talchirs. The nearest known occurrence of rocks of 
Talchir age is at Koda Dongri 20 miles to the S. E. in the Nagpm* 
istrict. Near Jamlapani, about 2 miles vest of the conglomerate 

of Borgaon, is an exposure of conglomerate of which both pebbles 
and matrix have been completely converted by replacement into 
limestone, except for an occasional pebble of vein quartz and some 
of the sand grains of the matrix. 

In the area mapped this year a large proportion of the Archaean 
tract is obscured by the alluvium of the Kanhan and Jam rivers, 
in consequence of which, the outcrops of Archsean rooks tend to be 
isolated. The prevailing strike over most of this tract is W. N. W, 
with a swing round to B. N. E. near Satnur in the south. Evidence 
of repeated isoclinal folding with a general dip to the S. W. quadrant 
at angles of 30° to 90° was obtained. 

Amongst the varieties of rocks noted were biotite-gneisses, 
dolomitic and calcitic marbles, and calc-gneisses, of the types dis¬ 
cussed in previous Annual Reports. In addition, the following 
rocks were seen:—^biotite-schists, gamet-granulites, gamet-pyroxene- 
labradorite rocks, various amphibolitic rocks, gondites, and a very 
acid gneiss with associated " microcline-quartzite.^ Of these rocks 
the biotite-schists, which are seen sparingly from Jamgaon to 
Lodhikhera, are composed practically ^entirely of biotite, and may 
be regarded as a basic facies of the coarse-grained schistose biotite- 
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gneiss so common in this tract. TJie garnet-granuhtes are abundant 
in the belt stretching from Waghora to Lodhikhora and frequently 
give rise to tor-like outcrops. They are of leucocratic composition 
and often quite free from biotite. Curious banded garnet-pyroxene- 
labradorite rocks occur near Khaii*i (N.), Lodhikhera and Satnur ; 
some bands are composed o£ pyroxene (green) and felspar, whilst 
others, carry also garnet, fringing the pyroxene and evidently the 
product of a reaction between the pyroxene and felspar. These 
rocks are considered to belong to the amphibolitic suite. Amongst 
numerous additional occurrences of the gondite series the most 
interesting was in a small nala W. S. W. of Savarni, where nodules 
and lenticles of gonditic rock were foimd enclosed in a schistose 
muscovite-gneiss; the gneiss is probably a crushed form of the 
porphyritic gneiss of this area that has broken up the pre-existing 
gonditic band. But the most remarkable discovery was of a suite 
of acid gneisses and ^ microcline-quartzites ’ seen specially well- 
developed in the mass of hills S. E. of Lodhikhera (Lodhikhera- 
Sangam hills), where those rocks are folded into a syncline. The 
central band simulates a quartzite. Under the microscope it is 
seen to contain also microoline and grains of a curious green tour¬ 
maline. In places the rock has esca})ed crushing, and then 
resembles vein-quartz. That it is of igneous origin is shown by the 
fact that it is overlain and imderlain by a gneissoso granite contain¬ 
ing abundant pink microcline, similar green tourmaline and a 
black ore. Rocks belonging to the same suite occur also in the 
hillocks between Khairi (S.) and Borgaon. ft must be hero remarked 
that with the possible exception of the quartzoso bands interlaminated 
with the gonditic rocks, sedimentary quartzites have not yet been 
found in the Sausar tahsil. 

56. In the two months of the field-season still remaining after 

NasaiirdkMct my cami), Messrs. E. L. G. (Jlegg aud 
D. y. Bhattaoharjee mapped portioriK of the 

plains tract of the Ranitek tahsil of the Nagpur district on. slieets 
65 0/3 and 0/7 south of latitude 21® 26'. They first made a joint 
examination of the Bench river section from the junction with the 
Kanhan northwards as far as Maholi. Thereafter Mr. Clegg mapped 
the country west of 'the Bench as far as the Kanhan river, the 
eastern boundary of the ground mapped by Dr. Cotter in the previous 
field-season; meanwhile Mr. Bhattacharjee maxped the tract east 
of the Bench as far as the Oahtalab-ka-Sand nala, south of Bamtek. 
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Tte whole of this tract consists mainly of the older alluvium at the 
surface, with strips of the newer alluvium in places along the river¬ 
beds, and with scattered inliers of Archaean rocks cropping out in 
the stream-beds and forming hills protruding through the alluvium. 
The types of rock found were chiefly those already seen in the 
Sausar tahsil i.e., calc-gneisses, marbles (calcitic and dolomitic), 
amphibolites, manganese-ore and associated gonditic rocks, with 
biotite-gneisses and pegmatites. In addition, there are numerous 
outcrops of quartzites, forming prominent hills at Kothulna, Bhagi- 
mahari, and Parseoni, in the area mapped by Mr. Clegg. These 
quartzites, according to Mr. Clegg, usually show muscovite and 
felspar in varying amounts, a fact that suggests that some at least 
of these quartzites are of igneous origin and, therefore, analogous 
to the tourmaline-microcline-quartzites of Lodhikhera in the Sausar 
tahsil (see page 46). Small exposures of quartz-iron-ore rocks were 
noticed at Maholi and Gundri in Mr. Bhattacharjee’s area. 

Both workers paid careful attention to such structural informa¬ 
tion as could be obtained from scattered outcrops. In my own ork 
I had become much impressed with the great importance 
of recording the pitch of the fold axes in the Archaean rocks if the 
structure and sequence thereof was to be successfully unravelled. 
The grooving and striation in various types of Archaean rocks referred 
to in my memoir on the manganese-ore deposits of India as ‘ slicken- 
sides-groo\dng/ the full significance of which I did not at the time 
realise, proved later to be a visible record of the pitch of the folding. 
Consequently, I asked Messrs. Clegg and Bhattacharjee to record 
on their maps the pitch as thus indicated. Throughout the area 
mapped, the strike of the folding averages east and west with local 
variations at the termination of folds. East of the Pench the 
pitch of the folds, as recorded by Mr. Bhattacharjee, is easterly 
at an average angle of about 30®. West of the river also the general 
direction of pitch is easterly, but Mr. Clegg records a subsidiary 
western pitch shown by the calc-gneisses west of the hills of Nimbha 
and Sakaria and in the Chicholi hills. Faults demarcated by fault- 
breccias are mapped by Mr. Clegg in the Bhagimahari hills and 
by Mr. Bhattacharjee near Gundri and Nandgaon. On account 
of the preliminary nature of their work and the discontinuity of 
outcrops, both geologists hesitate to dogmatise concerning the 
sequence of rocks and structure of the area mapped, but they realise 
that their results tend to indicate a sequence the reverse of that 
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worked out by me in the Sausar tahsil. In Dr. Cotter’s area also, 
to the west of the Kanhan, which is directly on the strike of Mr. 
Clegg’s ground, the scattered nature of the Archaean exposures 
made it impossible to work oxit the sequence, but suggestions were 
obtained of a reversal of the sequence determined by me in the 
Sausar tahsil, i.e., in ground lying to the north of the tract mapped 
by Dr. Cotter, Judging from such scattered observations as I 
have myself been able to make from time to time {e.g., round 
Junawani and Chorbaoli) in the hilly tracts of the Nagpur district 
north of the plains tract mapped by Messrs. Clegg and Bhatta- 
charjee, the Sausar sequence will probably be found to persist 
eastwards into these hilly tracts. 

We shall then be forced to seek for an explanation of the 
occurrence of one sequence of Archaean rocks in the folded northern 
belt of hilly coimtry and of the reverse sequence in the folded 
southern belt of plains country. If wo assume that the sequence 
of the northern belt is the normal one, then the structure of the 
southern belt can only be explained if we assume the existence of 
dissected recjiimbent folds of the Alpine type. Both Mr. Clegg and 
Mr. Bhattacharjee are to be congratulated on the careful detail 
that they have put into their first season’s work. Mr. Bhatta- 
charjee’s skill as an artist seems likely to be helpful to him in his 
mapping. 

66. During the field-season 1920-21, the Bombay and Eaj- 
putana Party consisted of Mr. G. H. Tipper 

puteMa**Par<^^ Snporintendent in charge, Messrs. K. A. K. 
Hallowes and H. Crookshank. 

67. To meet a request from the Government of Bombay 
Mr. K. A. K. Hallowes was deputed to study 

Island!”*^ *' ®“*®***® the water-supplies and buildmg atones of 
Salsette Island, north of Bombay. As 

an aid to this work, he completed a geological suiwey of the island. 
As was already known, he found that the major portion of the 
island is composed of basaltic flows belonging to the Deccan Trap 
of Western India. The dip of the flows is gentle, varying from 8® 
to 10° in a direction almost due west. In the east of the island 
these flows reach a height of almost 2,000 feet. Associated with 
the Traps are intercalated layers of brecclate materials regarded 
by Mr. Hollowes as ashes and agglomerate. At Kanheri these 
materials form a wedge-shaped mass approximately 900 feet thick, and 
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in them have been excavated the Buddhist caves. From the size of 
the included masses of basalt, and other points, Mr. Hallowes 
concludes that this mass of volcanic debris must have accumulated 
close to some focus of eruption. Mr. Hallowes, however, identifies 
his * ashes ’ with Wynne’s ‘ trappean breccia ’ of Sion Hill, Bombay 
Island; Wynne has not expressed any definite opinion on the origin 
of this biaccia, but Mr. Fox (see p. 125) agrees with Dr. Carter that 
this braccia is due to intrusion. The determination of which of these 
opposed views is correct must be left to the future. 

Intertrappean deposits are rare, such as are found being non- 
porous and unfossiliferous. 

Dolerite dykes of varying sizes cut through the traps and are 
particularly common in and around the Vehar Lake. 

Mr. Tipper inspected the work in Salsette during March. 
68. Mr. G. H. Tipper’s time was occupied in inspecting mineral 

occurrences in the State to enable the Durbar 
estimate of the value of its mineral 

resources. An attempt was, however, made to 
map a portion of the Aravalli range which occurs within the boundary 
of the State. At the end of December 1920 Mr. H. Crookshank, 
who had been recently appointed an Assistant Superintendent, 
joined Mr. Tipper for instruction and remained with him until 
the end of January 1921. 

The area surveyed is comprised in sheets 165, 166, 167 of the 
Eajputana Survey, That portion of the Aravalli range lying in 
Marwar comprises a narrow strip of varying width on the western 
edge of the range, the breadth of the strip varying from two to 
twenty miles. Being limited by the nature of his main enquiry 
to the boundaries of the State, Mr. Tipper's mapping is mainly 
lithological. It is hoped, however, that it will be of assistance 
as a basis for future work. 

The main structural feature is a narrow anticlinal ridge, running 
almost N. and S., within which the lowest beds exposed are com¬ 
paratively soft biotite-schists. The western limit is a succession 
of calc-gneisses, amphibolites, marble and phyllites arranged in regular 
bands. Above these, is a band of crushed conglomerate, of which 
the pebbles, in a schistose matrix, consist chiefly of quartzite; 
but other pebbles composed of various types of gneiss are also present. 
These pebbles are now, from crushing, elongated and pointedly 
ovoid in section, but there seems, in Mr. Tipper’s opinion, little doubt 
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that the rock was once a true conglomerate. Separated Irom the main 
ridge by a broad mass of schist with almond-shaped knots of quartz 
and sillimanite is a subsidiary ridge of crystalline limestone exhibiting 
complicated folding. Whore first met with the limestone is unaltered, 
dark blue in colour, and contains bits of mica schist, small pieces ot 
quartz and other inclusions : in tact in the field it has all the appearance 
ot an intrusive rock. Followed along the strike this limestone 
quickly becomes crystalline and eventually a ])ure marble at the 
Ma.Wa.Tia. quarries. The western limit ol the anticlinal ridge has 
not been examined in detail, but it docs not agree with the eastei-n, 
and it is probable that the section is complicated by faulting. All 
the above rocks belong to what is usmdly known as the Aravalli 
series. 

Of later date are the masses of granitic gneisses which have 
broken through the rocks mentioned above. Still later are the 
pegmatite intrusions, which cut the above in all directions, and are 
often tourmaline-bearing. They seem to carry very little mica. 

59. At the end of January Mr. H. Crookshank proceeded to Saran 
(25° 42'; 73° 51') to map the Aravalli range to the south, and 
before leaving for Quetta in the middle ot March ho mapped some 
200 square miles comprised in sheets 141, 142, 143, Rajputana 
Survey. The northern boundary of the area mapped is Int. 26° 45', 
the southern 26° 13', the ea-slorn the Jodhpur-Mewar boundary, 
and on the west the alluvium of the Jodhpur State. 

Unfortunately the area is devoid of stimctural features and 
consists of three more or less well marked parallel bauds, granitic 
gneiss to the west, granulites. mixed amphibolites, quartzites, schists, 
and calcareous rocks in the centre, and hornblende-gneiss to 
the east. 

60. During the field-.seasou 1920-21, the Burma party con- 
^ sisted of Dp. A- M. Heron (in charge), Rao 

e unns arty- Bahadurs S. Sothu Rama Ran and M. Viuayak 

Rai, all of whom were engaged in the continuation of the geolo¬ 
gical survey of tho Mergui district; and Mr. fiankim Bihari 
Gupta, Sub-Assistant, who was employed in the Pakokku and 
Lower Chindwin districts of Upper Burma. 

On the close of field work Dr. Heron paid a short visit to Taroy 
to advise the Deputy Commissioner on certain mining quesrions, 
whilst Rao Bahadur Yinayak Rao visited certain mica areas in the 
Ruby Mines District (see p. 26), 

e 
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61. In Mergni the whole or portions oi the following one-inch 

Mergui district. 
sheets were surveyed geologically com¬ 
pletely as the great natural difficulties of the 

country permitted95 ^ ^ (A. M. H^ (S. S. E.), 

3 , (M. V. R.); in addition, Sellore Island, and the islands 

that faU outside the operations of the Survey of India, were mapped 
by Dr. Heron on the Admiralty chart, Mergui Archipelago. During 
the census operations. Dr. Heron had an opportunity of making a 
general tour of the Mergui Archipelago to ascertain the best 
method of undertaking the survey of the outer islands. 

Tertiary beds, consisting largely of coarse river conglomerates,* 
with some sandstones and clays, cover a great area in the Tenas- 
serim valley above Tenasserim town. Mr. M. L. Patterson, of 
Messrs. Wightman & Co.'s Thabawleik mines, has drawn atten¬ 
tion to fossils in carbonaceous and ferruginous clays, presumably 
of Tertiary age, which Dr. Baini Prashad, of the Zoological Survey, 
states may be the ancestral form of the present day Burmese form 
Tivipam bengalemis race doliaris (Gould). 

Pataw and Patit islands, and the undulating country extending 
to the east of Mergui town as far as Sandawut, are occupied by 
coarse conglomerates belonging to the series, noticed in last year’s 
Report, of red sandstones, shales, and conglomerates, exposed in 
the swamp islands north of Mergui. These beds lie unconformably 
on the rocks of the Mergui series, but as further examination has 
failed to lead to the discovery of any fossils, the age of these beds 
is still uncertain. 

Limestones belonging to the Moulmein series crop out near 
Tharabwin, where they are isolated amid alluvium, and at the soxirce 
of the Kyaukpyu chaung, north-west of Peinchaung, where, accord¬ 
ing to Eao Bahadur Sethu Rama Rau, they are seen to rest almost 
horizontally, and therefore unconformably, upon the steeply-dipping 
quartzites of the Mergui series. The Therabwin outcrops are locally 
recrystallised into coarse marble, but have yielded a marine fauna 
indicating an Upper Carboniferous age.^ 

The rocks of the Mergui series show little of novelty. They 
have in general a more arenaceous composition than in the same 
series further to the north in the Tavoy district, quartzites being 
more prominent, whilst conglomerates also appear. These latter 

» P. N. Bose, Rec. G. S. XVI, p. 151 (189S). 
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Lave pebbles up to 3 inches in diameter, consisting mainly of quartz 
and felspar. A single pebble was observed, of a biotitic and well- 
foliared granite, confirming previous indications ol the existence of a 
pre-Mergui granite. 

The unfossilifcrous argillites and quartzites, composing the 
dominant formation of the Mergui and Tavoy districls have been 
described by the members of the ])resent Bunna pai*ty as the Mergui 
series. The same rocks were, however, mapped by Boso^ in the 
Theindaw-Kawmapyin coalfield as the Moulmein series. The terms 
‘ Moulmein ’ and ‘ Mergui ’ were originally introduced by Dr. T, 
Oldham®; the former to include reddish sandstones, marl, and 
the associated massive marine limestones so conspicuously deve¬ 
loped in the neighbourhood of Moulmein, and at least in part of 
Carboniferous age ; and the latter to designate an older formation 
of semi-metamorphic rocks. As mentioned above the linusstones 
are unconformable to the older series, to which the tcrin ‘ Moulmein ’ 
cannot therefore be applied. 

On the mainland the biotite boss-granite intrusive in the Mergui 
series is exposed in two areas, the larger including the sujnmiis 
Wabyauk-taung (1,945') and Tagu-taung (1,750'), and the smaller 
Cheyadaw-taung (2,390'). The former intrusion carries ores of tin 
and tungsten around Tagu-taimg, near Banlamut, and near Kawxna- 
pyin (not the same as the coal locality), at all of which places 
residual ' cappings ’ of undenuded sedimontarics rest on the upper 
margin of the granite. The sections expos('d on the eai‘t-road from 
Sindin to Tagu show exceptionally numei’ous patches of argillites 
converted into hard slates and hornstones by the intrusive granite. 

The Tagu mines, which were tor sevcial y(‘ars im[)ortant wolfram 
producers, are characterised by the unusual thickness of some of 
the mineral veins traversing tin* granite and by the? [)res6ncc of 
arsenopyrite in quantity, with also galena and chalcoi>yrite. 

In the coastal tract, a small sill-like intrusion of granite occurs 
in Natlaintaung, the range east of Mergui town : hut the largest 
masses form two lines of islands, one eontimiing the King Island 
boss through Range, Merghi, Rellore and Tucker Islands, and the 
other, to the west, running from the Pickwick group through Domal 
to Sir Jn. Malcolm and Sir E. Owen Islands. 

^ Loe. cit 
Btc. GovL India, X, p. 33 (1856). 

7D2 
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There are also large bosses of granite in the Ross and Elphinstone 
group, associated with massive poriihyries and volcanic agglomerates ; 
and on the western side of Elphinstone Island is the focus of 
the eruptions which have distributed their debris so widely through 
the Mergui series in the Tavoy and Mergiii districts. 

Tourmaline-muscovite-pegmatites. locally carrying cassiterite but 
never wolfram, are common along a zone running south from Natlain- 
taung; also near Kazat and on the Yamon Chaung. Alluvials 
derived from these have foi long been mined by Chinese methods 
and latterly by dredging on a small scale. Alluvial tin is worked 
also at the eastern foot of Tagu-taung and is there derived from the 
tin and tungsten-bearing veins in the local granite. The extensive 
tin alluvials of ilei&srs. Wightman & Co.'s area at Thabawleik are 
unusual in being derived neither from pegmatites nor from veins 
in visible association with granite, which does not outcrop anywhere 
in the neighbourhood; nor have granite fragments been found in 
the workings. The ore comes from thin, but often rich, quartz- 
cassiterite stringers penetrating the Mergui rocks. 

Besides in the area mapped coal occurs in well-known Tertiary 
deposits at Theindaw-Kawmapyin, and also on the Thagyet Chaung 
and near the Liepok Chaimg, 3 miles south of Thabawleik. 

62. During the field-season 1920-21, Sub-Assistant B. B. Gupta 
surveyed geologically portions of the Pakokku 

Lower Chindwin districts represented in 
the I"" sheets 84 and The formations 

mapped are alluvium, Irrawaddy series, Pegu series, the Yaw 
stage, and the Pondoung sandstone. The three latter formations 
dip conformably to the west and south, the Pondoungs being 
separated from the Irrawaddy series to the east and north-east 
by an important fault. Vertebrate fossil remains were collected 
from the Irrawaddy series, the Yaw stage and the Pondoung sand¬ 
stones, whilst invertebrate fossils were obtained from the Pegu 
series and the Yaw stage. Fossil wood was found in the Irra¬ 
waddy series, the Pegu series and the Pondoungs, and some well- 
preserved fossil leaves were obtained from the last-named' forma¬ 
tion. None of the fossils collected have yet been specifically identi¬ 
fied. An interesting lithological type is a bed of conglomerate 
in the Pondoungs found near Thibingaing and in the Ngapyaung 
Chaung, Amongst the pebbles the following rocks were identified : 
granite, diorite, quarlz-augite-rocfc, rhyolite, trachyte, quartz- 
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andesite, trap (decomposed), quartz-porphyry, oithockse-porphpy, 
porphyrite, quartzite, and jaspideous rocks. Mr. B. B. Gupta’s 
maps and his progress report constitute a creditable rccttrd of a 
first season’s independent worlc. 

63. Dr. Murray Stuart accompanied the Hukong Valley Railway 
. „ Survey Party from Ledo in Assam, to Mogaung 
a ong ey urvey. Myitkyina district of U])per Burma. 

Prom Myitkyina he proceeded in a noith-easterly direction to the 
Burma-China frontier in the vicinity of Htawgaw. He has sub¬ 
mitted a report dealing with the outlines of the geology of the 
North-Eastenr Frontier, based on the results of these expeditions, 
on a imevious one made in 1917-18, and on the work of earlier 
observers. 

The Hukong valley proves to be a plain of alluvium, deposited 
in a broad basin of Ti]>am .sand'«tones, which, towards tlie nortli, 
rest uuconformably on slatey sandstones and sliales. The latter, 
which In places are pierced by intrusions of scrjieutine, correspond, 
Dr. Stuart believes, with the Disang series, i)robably of Cretaceous 
age. 

Dr. Stuart’s three traverses from Htawgaw ret'calcd the presenee 
of wide expanses of intrusive graiiite-gueis.s, ol ciystallinc lime¬ 
stones, and of ordinary limestones, shales and tulTs in this part of 
the N’Maiklia valley. Lithologically, the latter rocks appear to 
be very similar to those of Lower Palseozoic age found further 
towards the east in Yunnan. 

64. Dr. G. deP. Cotter, who w,is placed in charge fd the Burma 
. . Paidv at th-* end ol June, wa.4 engaged during 

November and December in examuiing the oil 
shales of the Amlierst district. The.-' shales lie to the east ol the 
Dawna range of mountains, which extends in a N.N.W. direction 
through the Amlierst and Tliaton distiicts: the shales arc' found 
both in the east of the I^awkareik township of Amherst betw'cen 
the Dawna range and the Thaungyin river, which forms the 
boundary between Burma and Siam, and to the east of the Thaungyin 
in Siamese territory. As this work took Dr. Cotter to country 
not hitherto examined geologically, a summary of his geologic^ 
results will prove of interest. 

The oldest rocks of the district are regarded by Dr. Cotter as 
of Arohsean age, and conaprise hiotite-granite-gneisses, tourmaline- 
gneisses, and mica-schists, and are confined to the Dawna range. 
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The lecjser hills on the east and west of the Dawna are mainly of 
limestone, and exhibit a characteristic castellated and rugged 
appearance. As early as 1860 to 1870 fossils of Carboniferous age^ 
were found in the ' Duke of York's Nose ’ or Zwe-ka-pin, a lime¬ 
stone hill near Moulmein, which continues northwards as a range 
until it meets the Salween near Pa-an. These fossils, however, 
could not be found in the Museum in 1893, and it is not known what 
had become of them. This limestone, termed the Moulmein Lime¬ 
stone by T. Oldham, has been regarded on thus somewhat unsatis¬ 
factory evidence as Carboniferous. 

Towards the close of December. Captain F. W. Walker, at 
Dr. Cotter’s request, sea3*ched the Zwe-ka-pin at Pa-an for fossils, 
and succeeded in obtaining a fair collection from this type locality, 
amongst the genera found being Proditcius, This corroborates the 
views held regarding the age of the Moulmein Limestone, although 
it is not improbable that the term ‘ Carboniferous ’ used in the 
papers cited above may prove to be too restrictive, and that the 
limestone as a whole may cover a longer period of geological time, 
and be more nearlj’' equivalent to the Plateau Limestone of the 
Shan States. It is interesting to record also that Prof. J. W. Gregory 
has presented this office 'with a specimen of a lamellibranch. pro¬ 
bably Palaeanodonfa, from the limestones at Martaban railway 
station. This would beem to show that the Martaban rocks belong 
to the same group. 

The limestone ranges east of the Dawna yielded fossils in three 
localities, viz,— 

(1) In the Thaungvin river, Lat. 16° 47' 15": Long. 98° 32' 
8". 

(2) In the Thaung}un. Lat. 17° 3' 18" : Long. 98° 26' 55". 
(3) In the Kamawkala gorge, Thaungvin, Lat. 17° 3' 20" : 

Long. 98° 25' 15". 

The collections from these three localities were submitted to Mr. G. H. 
Tii^per, Palaeontologist, Geological Survey of India, who reports 
the presence of one genus of ammonite, many small Rhynconellas. 
an unidentifiable gastropod, two lamellibranchs that may be either 
Lima or Pecien, and some colonial and solitary corals, of which the 
iirst is apparently close to Latimaeandrarea, Poly^oa mav also 

^Theobald, Mem, QeoL Sun\ Ind., X, p 520; and Ncetiiug, i?ec. GeoL Suro. Ind, 
XXVI, p. 96. 
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be present. Assuming that these fossils are from one horizon, 
as seems likely, Mr. Tipper considers that they are probably Lower 
Mezozoic in age, and that any closer approximation cannot be 
attained on account of the poor quality of the material, due largely 
to the crystalline nature oi the limestone. The limestone east 
ot the Dawna range appears therefore to be later than the Moul- 
mein Limestone. 

The limestone east ot the Dawna forms the core of the Kamawkala 
range, and it is proposed to allude to it as the Kamawkala Lime¬ 
stone. The Kamawkala Limestone is overlain unconformably by 
a series of ltd and y^urjdc sandstones and earthy beds, closely resem¬ 
bling these recorded by C, S. Middlemiss from the Southern Shan 
States.^ 

Very ])ooilv preserved lossils, mainly lamellibranchs, were 
obtained Irom this series, but have not yet been identified. Asso¬ 
ciated with this red sandslone series are bands of conglomerate 
with pebbles oi red sandstone and of limestone, forming a rock 
which exactly resembles certain conglomciates in the red and purple 
sandstones of Kalaw in the Southern Shan States. It may, 
therefore, l)e regarded as highly yuobable that the red sandstone 
series ot Amherst is identical with that of the Southern Shan States. 

Both the limestones and the sandstones are highly disturbed, 
the dips being as a rule vertical. In tbe valleys, resting iincon- 
formablv ujjon the Red Sandstones, Kamawkala Limestones, and 
Archa3aii^, are found several synclinal basins of Tertiary age, very 
probably Upper Tertiary, The lower beds of these basins comprise 
sands, boulder beds, and conglomerates, containing fossilised dicoty- 
ledoneous wood, with, locally, freshwater limestones containing (hiiot 
Viripara imd Pofmni^efi, The upper beds of these Tertiary basins are 
mainly shales, amongst which occur the oilshaloa, abundantly 
developed and dipping at gentle angles. 

The oilshales have yielded good collections of fossil dicoty- 
Icdoncous leaves and of fisli remains. The economic aspect of 
these shales is referred to on page 29. 

65. On his return from Rajputana and Bombay, Mr. G. H. Tipper 

ChitraJ deputed to undertake a general 
geological and mineral survey of the State 

of Chitral. where he spent the period May to October 1921. 

^ General Beporl, OeoL Surv, Ind, for season 18994900, p. 143. 
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The bases of a correct interpretation of the geology of Chitral 
were laid by Sir Henry Hayden^ when, in 1914, he made a traverse 
through the State on his way to the Pamirs : although his work 
very naturally left many points obscure, yet Mr. Tipper, found 
it of the greatest assistance. 

Some of these points have been cleared up by Mr. Tipper during 
the course of the season’s work. The Reshun conglomerate, of Upper 
Cretaceous or Lower Tertiary age, has been let down between two 
faults of great throw against the Devonian beds on the north-west 
side and against the Chitral Slates on the south-east. The conglo¬ 
merate and associated shales have been traced continuously from 
Reshun as far north as the Khut pass, where they appear to be 
thinning out and are not more than 50 feet thick. Generally, 
beds of presumed Lower Devonian age abut on the conglomerate 
and shales, but opcasionally the fossiliferous Upper Devonian beds 
occur, the lower beds being cut out. Along this fault line isolated 
masses of massive crystalline limestone occur* at intervals. At 
present their age is unknown. 

The Chitral Slate series, previously considered to be unfossili- 
ferous, has after close search yielded a small collection. Up the 
valley known as the Chiti’al Gol one of the interbedded calcareous 
bands has yielded a a small Dielasma and two as yet undeter¬ 
mined corals. This portion of the series may, therefore, be con¬ 
sidered of Upper Palaeozoic age. 

The relationship of the Upper Devonian to the Sarikol Shales, 
assumed by Sir Henry Hayden to be of Lower Carboniferous. age, 
is still obscure. A thorough search for fossils in the latter has so 
far only yielded a few crinoid stems and twn badly preserved Ortho- 
ceratiies. Good sections, €.(/., in tl^eKosht ridge, show that these 
shales and quartzites have been extensively overfolded and faulted. 
Intrusions of mica-peridotites and aplites are frequent. 

Pusulina limestones have been found in two areas and show 
important differences of occurrence. The north side of the Tirich 
valley is composed of strongly folded masses of crystalline lime¬ 
stone and calcareous shales. FusuUna occurs in great numbers in 
patches of unaltered limestones in this mass sat the entrance to 
the Rosh Gdi, while the shales in the Odhren still further south¬ 
west show impressions of Syringothyris and Fenesidla. Fusvlina 

* J2ec. (? S. XLV, pp. 275-293. 
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also occurs luithei alon^ the stiikc in tho Louclku ; but tho stiuctino 
IS gradually disap])eaimg, and a1 AViznnch, oxce])t loi a U^^ odd 
cells, the calcification n com])1ele. 

In the neighbourhood oi the hanilcl ol Nouk, Ihe Pusulina 
beds, a succession of shales, quartzites and linics'tones, lie alii>ost 
flat and have the apijearance of having been lei down by block 
laults between the Devonian beds and the >Sarikol Shales. Followed 
along the strike the Fusulina beds in the neighbourhood ol Odir 
in the Mhelp valley have a dip of 30° to the south-east. Still 
further at Parmer and the Khut valley, tlie Fusulina beds ap])oa3' 
to be incorporated in the general iolding. The exact significance 
of this is still obscure. 

The Tirich Mir ma^s of granite is later than the Fusulina beds. 
Traced to the south it cuts these beds out and oomOvS with contact 
with the Saiikol Shales. The latter have been alt (‘red by the contact 
and where altered, arc physically very similar to the C^hitial Slates. 
In the Tirich valley the granit(‘ is a biotit e-granite containii^g large 
porphyritic erystals erf felspar u]) to 4 inches in length and Jin. in 
breadth. Along the strike southw^ard it becomes a regular angen- 
gneiss, the rounded eyes ot felrt])ar being surrounded by layers of 
dark biotite. Wtill further south it becomes a fine-grained foliated 
gneiss. 

From the physical })oint ot view Mr. Ti])pci’s W'ork in ('hitral 
must liave been as arduous as that undertaken by Dr. Heron in 
Tibet. 

G6. On appointment to tliis D(‘partinent, towards the end of 

Poonch season, Mr. D, N. Wadia W'as deputed 
to Poonch (o eojumence a geological suTV(‘y 

of that state, tie utilised the remaining month and a half of the 
field season by making a few' traverses from end to end of the State, 
with a view to ascertaining the juain stnietural features of tho 
geology and the nature of the rocks, as a preliminary to a detailed 
survey to be undorlakeii in subs(»quent s(‘asons. His observations, 
while in accord with the maps lutheri.o published by Modlicott 
and Lydekker {Bee, Geol Sim, India^ Vol. IX, and Mem, Qeol, 
Surv, India, Vol. XXII) in thoir broad outlines, make it evident that 
the geological boundaries will require very material alteration on 
the larger scale and more accurate maps now obtainable. 

One of the most important of these boundaries is that con¬ 
stituted by the fault separating the Murrees and Siwaliks : the trace 
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of this fault curves round hill-slopes and tongues up valleys in the 
manner characteristic of an overthrust fault of low dip—an inter¬ 
pretation given by Mr. Middlemiss to the same fault to the south¬ 
east in Jammu State. 

North-east of the main boundary of the Murrees on the southern 
flank of the Pir Panjal range, Medlicott and Lydekker mapped 
a series of beds that they provisionally assigned to the Silurian 
and Trias. Mr. Wadia has identified much of this on lithological 
grounds with the nummulitic facies of Mozufferabad, Ealamula 
and Eiasi. Tightly folded amongst these beds. Mr. Wadia has 
recognised with certainty, both by its lithological character and 
by its fossils, a representative of the Permo-carboniferous Lime¬ 
stone (Zewan beds) of Kashmir. The Panjal Trap and agglome- 
ratic slate crop out in positions adjacent to the assumed nummu¬ 
litic strata. 

One of the mo&t interesting results of Mr. Wadia’s work is his 
discovery of two or more bands of bituminous limestone interca¬ 
lated in steeply dipping Murree beds. These appear to extend 
from the Haji Pir pass in a S. S. E. direction as far as the latitude of 
Poonch town. They contain both nummulites and oyster beds 
and are associated with greenish and red shales. The absence 
of any repetition in the sequence on either side of the limestones 
and the fact that purple sandstone, indistinguishable from Murree 
sandstone, is intercalated in bands of 10 to 50 feet in thickness 
amongst the limestones and shales, point to a marine transgression 
during the Murree period rather than to an eroded anticline of 
Eocene rocks folded up with the newer Murrees. Unfortunately 
the fossils so far obtained are unidentifiable, but it is hoped that 
sufficiently well-preserved specimens may be obtained this season, 
to enable this view to be definitely confirmed or disproved. The 
limestone with its associated shales and sandstones is some 300 
feet in thickness. 

67. On his return from Mergiii, Dr. A. M. Heron had the good 

Tibet: Mount Everest ^ selected to accompany the 
Reconnaissance Expedi- Mount Everest Reconnaissance Expedition; 

he left Darjeeling in May, and returned in 
October. Duriao^ this period, he succeeded in preparing a geo¬ 
logical map of over 8,000 square miles of territory, comprising the 
western portion of the Tibetan section of the Arun drainage area, 
and, in the west, the region drained by the headwaters of the Bhotia 
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Kosi and its tributaries. The circumstance.s ol the Ex])edilion 
were not favourable for detailed work, and Dr. Heron endeavoured, 
therefore, to traverse and map as large an area as possible. His 
work was done on a scale ot } inch to Ihe mile on skolelon maps 
very kindly furnished by Major Alorshead and his surveyors as 
their plane-tabling proceeded, and Dr. Heron, therefore, regards 
hib investigations as forming a reconnaisvsance survey only. The 
value of his work will, however, become evident from his map when 
this is published : but the magnitude of the physical achievement 
in surveying this large area will be understood at once wlion it is 
mentioned that the whole ol the work was done at an altitude of 
13,000 feet and upwards. 

The area surveyed Dr. ITeion lies to the west ol the country 
surveyed by Sir Henry Havden during the Tibet Expedition in 
1903-4. As in the country described by Sir Henry Hayden, the 
area is geologically divisible into two broad zones: (r/) Tibetan 
and sedimentary, and {h) Himalayan and crystalline—a division 
that is clearly reflected in the topography resulting from the under¬ 
lying geological struoture, the somewhat tame and lumpy moun¬ 
tains of Tibet in the north contrasting sharply with the higher, 
steeper and more rugged Himalayas in the south. 

The Tibetan zone consists of an inteiisely-folded succession of 
shales and limestones with subordinate sandstone-quartzites; the* 
folds strike east and west, with their axial planes dipping, as a 
rule, in a northerly direction, indicating, in Dr, Heron’s o])inioii, 
that the movements that caused the folding came from the north. 

The iip])erinost rocks consist of the Kampa system of Haydoii, 
a great thickness of limestones ranging in age from Cretaceous to 
Eocene, as determined hy fossils preservcHl in ])Iaces whore the 
rocks have escaped alteration. Below these is a monotonous succes¬ 
sion of shales, practically unfossiliferous, with occasional (piartzitcs 
and limestones re])resenting the Up]>er and Middle Jurassic, with, 
at the base, beds probably belonging to the Lias. These Jurassic 
shales are by far the most conspicuous formation in this part of 
Tibet, being repeated many times in complicated folds. The Creta¬ 
ceous-Eocene limestones form comparatively narrow bands occur¬ 
ring as compressed syncUneb caught up in the complex of Jurassic 
shales. Along the southern border of the Tibetan zone, below the 
base of the Jurassic shales, is a great thickness (2,000'—^8,000') of 
flaggy lim^tones in which the fos^ have been destroyed and the* 
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Tocks theruiielves converted over considerable areas into crystalline 
limestones and calc-silicate-rocks containing tremolite, epidote, 
tourmaline, etc., but still retaining tbeir original bedded structure in 
the banding of the altered rock. The scarcity of determinable 
fossils makes it impossible to ascertain definitely the age of these 
beds, but it is possible that they are of Permian and Triassic 
age. 

The Himalayan and crystalline zone is composed essentially 
of folded and banded gneisses, usually garnetiferous, on which lie, 
at comparatively low angles and with a general northerly dip, the 
above-mentioned calc-silicate-rocks. These schists occur most abun¬ 
dantly to the north and west of Mount Everest in the Keytrak, 
Kongbuk, Hlelung, and Raphu valleys. The group of high peaks 
to the north-west of Everest (overlooking the Nangba La) is made 
up of these nietamorphic rocks with intrusive schorl-granite, and 
it would seem from inspection that the precipitous north-western 
face and spurs of Everest itself are composed of the same rocks. 
The eastern and north-eastern valleys Chengphu, Kharta and Karma, 
which are in general at a lower level than the north-western valleys, 
are, however, excavated in the biotite-gneiss. On the north-eastern 
face of Everest fresh snow was too abundant to permit the recog¬ 
nition of the rocks present, and the examination of Makalu was 
inhibited by bad weather. The base of Makalu in the Karma 
valley is of gneish, but, according to Colonel Howard-Bury, the 
upper portion appears to consist of white granite. Associated 
with the limestones and calc-silicate-rocks already referred to are 
quartzites and tourmaline-biotite-schists. which probably represent 
the lowest portions of the shales lying immediately on the lime¬ 
stones. 

Both biotite-gneiss and metamorphosed sedimentaiies are pene¬ 
trated with such an abundance of dykes and siUs of all sizes, of 
schorl-granite or pegmatite, that the granite is frequently the 
predominating rock. It is highly resistant to weathering, so that 
its presence in large amount enables such comparatively soft rocks 
as the schists to take part in forming some of the highest 
summits. The relationship of the biotite-gneisses to these meta¬ 
morphosed sedimentaries is uncertain, but Dr. Heron inclines to 
the view that the gneiss is intrusive, and had he been permitted 
to accompany the second Expedition this year (1922), he had 
intended to devote special attention to this important point. 
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In the same way tbo scattered peaks of over 20,0(0 feet along 
the watershed between the Arim and the Tsangpo owe their pro¬ 
minence to the presence of groups of veins of a very similar granite, 
which, however, differs from the Himalayan granite in containing 
biotite in place of schorl. Around these separate centres of intru¬ 
sion are aureoles of metamorphism in which the Jurassic shales 
have been converted into slates and phyllites. 

Economically, the area traversed by the Ex])edition is devoid 
of interest, except for a little staining by cop])er salts on a few 
boulders in moraineb. No traces of ores were seen. 

Miscellaneous Work. 

68. A note on the mineral resources of Bibar and Oris&a vas 
prepared by myself for the Mining Manual of the province, and 
has been published in }»art 3 of Vol. LIll of the Eceords of this 
Department. 

69. Dr. Coggin Brown, whilst on deputation in London, pre¬ 
pared a series of reports on varoiis minerals, which have been pub¬ 
lished by the Department of Industiies of the Government of 
India as Bulletins of Industries and Labour. 

70. The Director of the Geological Surv^ey of India has been 
appointed ex-officio President of the Governing Bcdy of the Indian 
School of Mining and Geology at Dhanbad. 
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Contributions to the Geology of the Province 
OF Yunnan in Western China. 6. Traverses 
BETWEEN Tali Fu and Yunnan Fu. By J. 
CoGGiN Brown, O.B.E., D.Sc., F.G.S., M.I.iW.M., 
Siiperinicndmt, Geological Survey of India. (With 
Plate I.) 

INTRODUCTION. 

IN the previoTis paper of this series I have described the geology of 
the Mekor^ Valley as it is displayed oa the main trade route 

across Western YTinnan as far as Tali Fu^, and it now remains 
to record my observations in Central Yunnan between Tali Fu and 
Yunnan Fu, in order to connect my traverses across the province 
with the map of the French geologists who surveyed north from 
Tongldng to Yunnan Fu. The area dealt with is contained on sheet 
No. SI N. W., North Eastern Frontier Surveys, published by the 
Survey of India in June 1904, and lies between lats. 25° and 26° and 
longs. 100° and 102°. This topographical map is sketchy and 
incomplete as well as being on the small scale of 1 mch=4 miles. 
Such boundary lines as are given are therefore only approximately 
correct. My own observations were made during rapid journeys 
across the region in the years 1908-10, and are necessarily incomplete. 
The map is only intended to show the results of somewhat rough 
reconnaissance work and the general situation of the larger rock 
groups, but it may be of some help to the future worker in this 
isolated region. 

The publication of these notes has been deferred in the hope 
that the detailed investigation of my fossil collections would be 
finished. But as they still remain to be described, and as the field 
work was commenced more than ten years ago, it seems desirable bo 
put the stratigraphical and descriptive portions on record without 
waiting any longer. 

In addition to traversing the main trade route between Tali Fu 
and Yunnan Fu which leads through the towns of Hsia-kuan^ 

^ Contribution ^o. V. ‘ Geolo^^y of parts of the Salween and Mekong Valleys.’ 
Ree, Gedf, tSun, Ind,, Vol. XLVII, pp. 206-266. 
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Chao Chou, Chen-nan Chou, T’su-hsiung Fu aud Kuang-tung Hsieu, 
as the map shows, I have visited the area around the northern end of 
Lake Erh Hai, and surveyed the country towards the south and south¬ 
east about Mung-hua T’ing. Nan-chien and Mi-chih. Further, 
two short traverses to the north of the main route were under¬ 
taken, the first, from Yunnan Hsien through Pin-chuan Chou, and 
the other from T’su-hsiung Eu through the salt-producing region 
around Ting-yuan Hsien. 

Yimnan Fu, the capital of the province lies some 48 miles, as the 
crow flies, to the east-south-east of Tai-kuan-ch’ang at the edge 
of sheet No. 31 N. W., and the geology of the intervening 
portion has already been described^. 

PREVIOUS OBSERVERS. 

A. Leclfere travelled between Tali Fu and Yunnan Fu vi^ H-i- 
ching between the 14th and 29th November 1898, and has given a 
short account of his journeys, from which the following notes of 
geological interest are taken. 

At the extreme south of lake Erh Hai, the Productus Limestone 
is still superposed, in small outlying masses, on the porphyrite shown 
on L. von Loezy’s map. Variegated sandstones of Upper Permian 
age form the low hills about Hsia-kuan and Chao Chou, a region 
lying between the three basins of the Mekong, the Yang-tze and lied 
rivers. 

The bottoms of ancient lakes now almost entirely dried up and 
covered with rice fields, are spread everywhere in the spaces between 
the sandy hills. Twenty kilometres from Chao Chou, the Productus 
Limestone appears again bordering the plain of Hung-ai and Mi-tou. 
The altered porphyrite is found below the limestone, twelve kilome¬ 
tres to the south-east of Hung-ai. A limestone outlier, isolated on 
the porphyrite, is found at the edge of the stream which descends to 
the Yang-tze past Pe-yen-ching, and separated by a mass of porirhyrite 
from the large Yunnan Hsien plain, quite as extensive, but not so 
exceptionally fertile, as that of Tali Fu. Before descending to 
this plain, at an altitude of 1,900 metres, there is a small lake near 
the hamlet of Chin-ho-tong, bordered by sharj) outcrops of very 

^ Coatribution No. IV, ‘ The eonntiy aronnd Yuniuia Fa ’ See. Qeol, Sure, leti., 
Vol. XIJV, pp. 86-m. 
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weathered limestone. This yielded fossils determined by Douvill6 
as Permian. The same structure continues from one hiU to the next 
along the Ynnnan-i plain, and up to ten kilometres to the south-east 
of this locality, along the road to Pu-pung. Then the limestone 
outcrops disappear. The variegated sandy formation of the upper 
Permian is now developed, dipping constantly towards the east. 
At certain points faulted beds are almost vertical. Afterwards, 
above these strata, a very compact, fine-grained, red sandstone is 
found, which as far as Yunnan Pu is the most constant horizon of the 
Upper Permian. The road rises up to 2,100 metres on these sand¬ 
stones, but towards the north and east there are still higher hills 
composed of Triassic rocks. A Phaetic horizon is probably reached, 
because coal seams are met with at Mu-pang-pu yielding an ashy coal 
which is made use of as far as Yunnan-i. 

This sandy region is practically a desert, but all the same rather 
well wooded. A tributary of the Yang-tze rises in it, flowing towards 
the south-east as far as T’su-hsiung Fu, a direction parallel to the 
course of the Red River. This valley is bordered towards the south 
by a low clifE of limestone, which Lecl&ce correlates with the Middle 
Triassic horizon of Meng-tzu; gradually broadening out on the shaley 
beds of the Lower Trias, the bottom of the valley is about four 
kilometres across at Chen-nan Chou, where it is flat and covered with 
rice fields. 

To the east of this town the limestones assume an exceptional 
development,’ which is seen in the ravines. They are composed of 
a marly limestone, several metres in thickness over which alternations 
of sands and clays with lignite are laid. 

Close to Kao-fung-sao (a military post to the east of Chen-nan 
Chou), the sands are quite felspathic and micaceous. They are probably 
formed from the disintegration of the surrounding Trias. Around 
Lu-ho, these deposits, which are correlated with the Tertiary, 
stretch for more than ten kilometres from north to south, at about 
1,500 metres above sea level, Ldgnitic horizons about two metres 
in thickness are found in them about here. 

At this place Lecldre left the ordinary track followed by the 
caravans between Ta-li and Yunnan Eu, to enable bim to visit the 
sait-producii^ region of Hei-ching situated towards the south of the 
Mesozio coal-field of the Yang-tze. 

The structme of the country he then traversed is said to be that 
of^ undulating plateau of Permo-Triassic age, which dips towards 
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the escarpments on the Yang-tze, maintaining altitudes oi from 1,600 
to 1,800 metres. All forest vegetation has disappeared for groat 
distances around the salt works, while the streams flow in deep and 
narrow ravines exposing the variegated beds of the Permian. 

The town, of Ting-yuan Hsien is situated about twenty-five 
kilometres to the north-north-east of Lu-ho, in a shallow lake basin, 
.probably on the marly horizon of the Lower Trias. 

Fifteen kilometres towards the north-north-east, the village of 
Lan-ching is situated, at about 1,300 metres elevation, on a small 
stream which flows into the Hei-ching river. 

The latter flows towards the north, in the direction of the bend 
which the Tang-tzo makes, following the course of the Ya-lung, 
along the foot of the granite cliffy of Sie-ke-ta. 

The salt-bearing beds at Lan-ching crop out at the side of the 
stream, under about 300 metres of variegated beds. They ate 
opened up by seven rectangular galleries which penetrate the slope 
of the hill as far as possible, in order to tap therein the subterranean 
waters, naturally saturated with salt. 

Hei-ching is situated 20 kilometres to the east-north-oast of Lan- 
ching at an elevation of about 1,260 metres, in a very deep ravine. 
The salt-bearing horizon crops out parallel to the north and south 
course of the stream, on the right bank. Its average dip appears to 
be about 10° towards the vrest. 

Lecl&:e’s return route to Yunnan Fu, continued through Tcha- 
ui-kieou, a hamlet about thirty-five kilometres to the south-east of 
Hei-ching, and six kilometres east of the salt mines of Hou-ching. 
In the latter locality the horizon of the salt-bearing sandstones, 
which rises rapidly towards the east, is foimd at about 1,500 metres 
altitude and, consequently, above the level of ground water. Ex¬ 
ploitation is carried on by galleries, and the sandstone so obtained 
is treated in tanks at the surface. The same method is employed on 
the banks of the Yang-tze, where the salt horizon is found again, in 
the northern extension of the Hei-ching zone, about 1,000 metres 
above sea level. 

From Tcha-ui-kieou to Lu-fung Hsien, a ravine is followed 
formit^ the northern extremity p£ the valley in which this town is 
situated, and which continues straight to the south to join the Bed 
Eiver. 

The town has an altitude of 1,300 metres and is in the middle of a 
large and well-cultiyated lacustrine plain. 
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The Productufe Limestone appears xmder the Upper Permian and 
forms the eastern border of the basin. It is found again around 
Lu-piao containing curious patches of variegated strata, cut through 
by a tributary of the Lu-fung river. The base of the sandy Permian 
beds rises higher and higher the nearer one approaches An-ning. 
It reaches 2,100 metres at the edge of the cliff bordering the Yunnan 
Eu basin, the latter resting on a shaley horizon of the Permian lime¬ 
stone, characterised by its richness in Bellerophon sp^. 

PERSONAL OBSERVATIONS. 

The rocks of the T’sang Shan complex are gneisses, gneissosc 

The crystalline rocks g^^anites and schists of many kinds which build 
of the T’sang Shan com- up the high mountain wall immediately to 

the west of Tali Fu. In this latitude they 
occupy a width of about ten miles and rise to some 13,000 feet 
above sea level. They appear to stretch far to the north 
towards Li-chiang Fu, but their limit in this direction is not 
known. To the south of Hsia-kuan, they seem to be abruptly 
terminated by overlapping Eed Beds. The Tali Fu marble quarries 
which supply the fine-textured white stone, so curiously marked and 
mottled with vi\ud green and brown tints, and renowned throughout 
Western China for monumental and ornamental purposes, are situated 
on the lower slopes of the range a short distance to the north-west 
of the city, but as I was not permitted to pay more than a hurried 
visit to them, I do not know whether the stone comes from bands 
of crystalline limestone within the crystalline series, or whether it 
is a metamorphosed variety of the younger limestones which flank 
both sides of the range. 

A.—From Hsia-kuan to the Yunnan Hsien Plain. 

Hsia-kuan is an important tiading centre, situated at an elevation 
of 6,900 feet near the south-western comer of Lake Erh Hai, and on 
the river which carries its drainage through the T’sang Shan range 
to the Yang-pi Ho, a tributary of the Mekong, It lies eight miles to 
the south-south-east of Tali Fu, which is not actually on the main 
route across the province. The town is close to the junction of the 

1 A. Lecldre ? Amales dee Mines, Tol. XX, 1901, pp. 287—492. 
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T’sang Shan crystalline complex with the Permo-Tiiassic Bed’ 
Beds Series. 

From Hsia-kuan the road proceeds north-east for four miles 
parallel to the southern shore of Lake Erh Hai 

ley Chao Chou val- i^efore turning to the south down the Chao 

Chou valley. In places poor exposures of red 
sandstones and shales pierce the thin covering of recent deposits. 
The Chao Chou valley is a narrow one. about twelve miles in length, 
lunning approximately from north to vsoiith and tapering giadually in 
the same direction. It is drained by a small stream which emjities 
itself into Lake Erh Hai near its south-eastern corner. The valley 
deposits arc of fluvio-lacuistrine origin and a])pear to have been 
formed partly by the waters ol the lake and partly by stream action. 
For the first seven miles the eastern side of the valley is boideied by 
limestones of Permo-Carboniferous age and associated rocks, which 
stretch away to the north along the eastern shores of Erh Hai, but 
on the west, low rounded lulls built up of rocks belonging to the 
Red Beds Sciies are seen. The paving stones of the mule track are 
obtained from the limestone bands and occasionally show' sections of 
Cyathophyllid corals on their polished surface^-*. The limestone is first 
seen coining up through the alluvial deposits just north of the village 
of Chao-ohuang, but it is soon followed by soft white sandstones belong¬ 
ing to the same series. In them I noticed fragmentary remains of 
a small Orthis, Near Hsin-pu-tang the road passes on to the Red 
Beds Series, and it is quite evident that somewhere veiy close to this 
point the junction of the Penno-Carboiiiforous and the younger 
series exists. The valley gradually becomes more and more cons¬ 
tricted as the route rises to the south, and this feature is parbicularly 
pronounced near Hsin-shao where it is very narrow aiid tmclosed by 
low hills sparsely clad with pine forests. Near Ta-shao the sand¬ 
stones strike west-noiiih-west, east-south-oattt and dip to the north- 
north-east at 32"^. 

In the three miles of country between the head of the Chao* Chou 

Unconformity be- Mi-tu plain to the south-east, 
tween the Pwmo-Car- the road crosses the ridge separating the basins 

Be^s^Series*”*^ Mekong and Red Rivers, through a pass 
at an elevation of 7,700 feet above sea leveL 

Near the top of the pass the limestone is first found in situ 
as a somewhat brecoiated rook full of calcite infiltrations. The 
junction between the limestone and the Bed Beds practically 
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follows tlte- path on the descent. On the northern side aie 
typical exposures of weathered limestones, striking approximately 
north and south and dipping from 45°—50° west, whilst on the other 
hand is the red soil of the Red Beds Series, pierced here and there by 
outcrops of the red sandstone. Towards the bottom the alluvial 
deposits of the Mi-tu plain mask the older strata, but before this 
point is reached the basement bed of the Red Beds Series is seen to be 
a coarse conglomerate, containing many quartz pebbks and also 
rolled fragments of the Permo-Carboniferous limestone. 

The lli-tu plain is a stretch of rich arable land drained by one of the 

Permo-Carboniferous small streams which form the head-waters of 
volcanic rocks between the Red River. It is about twenty-five miles 
Ml-tu and Yunnan Hsien. north-west to south-east and six 

miles in breadth at its northern end, gradually narrowing to a little 
over one mile at its other extremity. It is intensely cultivated and 

-covered with small villages. In ail probability its deposits are of 
lacustrine and fluido-lacustrine origin belonging therefore to the 
JTan-Tien Series. The route passes through Hung-ai, elevation 5,950 
feet, about 2 miles from the foot of the pass, and continuing in an 
eastern direction for a further two miles across the fields, leaves the 
plain and turns towards the north-east to reach Yunnan Hsien, a 
distance of eleven or twelve miles. In the earlier papers of this 
series I have shown that the Eermo-Carboniferous rocks of both 
Eastern and Western Yunnan are characterised by the presence of 
contemporaneous igneous rocks. In Central Yunnan, and especially 
towards the north in the valley of the Yang-tze-chiang, these attain 
their maximum development. They seem to be associated rather 
with the Permian period than with the Carboniferous, but extensive 
detailed surveys are required before this is proved. 

In^diately after leaving the Mi-tu plain a decomposed andesitic 
flow is found m bilu between two limestone bands. Further on, 
in a. small stream, good specimens of a fresher rock may be obtained! 
It is a hard, bluish-grey, amygdular variety. Bands of tuff are 
sometimes interbedded with the flows, which continue as far as 
I-ohiang-pu, though few good exposures are found owing to the 
t^denoy of these rocks to weather down into rounded hills covered 
with thick soil and overgrown by grass. No attempt has been 
made to separate the igneous and sedimentary beds of the Carboni- 
ierous and Permian on the map. 
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The village of Ohing-hua-tung is two miles to the east of I-chianj 
pu and near this point, looking towards tl 
north-east, the Yunnan Hsien plain is firs 
seen. From Ching-hua-timg to near Kou-t’sni 

pu, a distance of two miles as the crow flies but more by the roa 
winding along the southern edge of the plain, the ground is occupie 
by greyish-white, fossiliferous limestones of permian age. The bes 
exposures are obtained half a mile to the south-east of the forme 
village along the Mi-tu road, and the locality is well known to thi 
Chinese, w'ho frequently visit the caverns which ex\st in the limestone 
Certain bands of the rock are largely composed of polyzoan remaint 
and crinoid stems. My own collection from this place still remains 
to be described, but Douvill6 has examined the specimens taker 
from it by Lecl^re and a translation of his notes is given below^. 

‘ Greyish limestone from Yunnan-i, near Tali Fu. 

Littorina {Eunema). 
Straparollus, 
Crinoid ossicles. 
Pachj'pora cf. jahiemis Wagen. 
Stenopora (Geinitzella) cf. crassa Lonsdale. 
Sfenopora sp. 
PeroneUa. 
Endea. 

This fauna is composed mainly of little corals {Pavosiiidae 
or Multiporidae) and of branching sponges; the internal characters 
are not well preserved and, consequently, exact determinations are 
extremely difficult. 

The presence of the genus Stenopora appears abnost certain and 
leads me to correlate this fauna with the Russian Permian or with 
the Indian Productus Limestone. In particular, very analogous 
forms have been figured by Waagen, from the Jabi locality (Upper 
Productus Limestone). 

Nevertheless, similar small corals have been figured by Loczy, 
{FavosUes reticidatus, Stromatopora concentrica), as coming from the 
Devonian of Pe-su-kiang in Kansu.’^ 

^ loc. Ci /, pp. 312-313. 
^ ^ie msaen^f&icJi^n Srgebnim der Beke dea Qrafen Bda in Oai^nakn^ 

p. 793. 
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Lecl&ce notes tliat the stratigraphical position of the Yunnani- 
limestone, forming the upper part of a formation the lower beds of 
which are classified according to Loczy with the Carboniferous, does 
not allow the Yunnan-i beds to be considered as Devonian. In 
addition to this, the Permian affinities of the limestones regarded as 
Carboniferous in Southern China have been pointed out by Loczy 
himself.^ 

After crossing the Permian limestones the road enters the Mesozoic 

The Triassic and basin of Yunnan-i, w'hich in this locality has 
Rhaetic deposits of the a breadth of fourteen miles from east to west 
\unnan-i valley. probably extends northwards into the 

valley of the Yang-tze-chiang in the neighbourhood of Ma-chang. 
Triassic deposits belonging to the lower, middle and upper parts 
of the system are well known in South-Eastern Yunnan, and 
Deprat has shown that although of considerable thickness they 
are strictly localised in a band of coimtry passing between 
the neighbourhoods of A-noi Chou and Meng-tzu in an approxi¬ 
mately north-eastern direction, and limited in extension by great 
faults which bring them into contact with palaeozoic rocks. To 
this faulting their preservation during the erosion of the Pliocene 
period is due. The similarity between the faunas of the Middle 
Trias in South-Eastern Yunnan and Loczy's locality, at Chung-tien 
in Ssu-ch’uan, two hundred and fifty miles away to the north-west, 
seems to prove the extension of the Middle Triassic sea for consider¬ 
able distances, whilst the pelagic conditions indicated by the pre¬ 
valence of ammonites in the Upper Trias of South-Eastern Yunnan 
point to the same conclusion. The close of the Upper Trias in these 
regions was marked by a regression of the sea and the deposition of 
thick sandstones with coal seams. 

Deprat considers that great areas of Triassic rocks were removed 
during the Pliocene erosion—a conclusion which is probably true 
as regards Eastern and Central Yunnan and the regions further norths 

That the close of the Permian period was marked by a great 
erogenic movement followed by a continental epoch, duriug which 
volcanic activity prevailed, is clearly proved by the occurrence of 
those massive deposits to which I have given the name of the Red 
Beds Series. 

^ Loe. ciT., p. 793. 
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In Eastern Yunnan, Deprat has shown that the Lower Trias 
deposits frequently rest unconformahly on the denuded folds of older 
strata, and that their formation coromenced by the accumulation of 
coarse sandstones in lagoons, followed by beds in which the remains 
of land plants and marine organisms alternate. 

I thinlr that the transgression of the Triassic sea was a slow and 
progressive one from east to west in Yunnan 

Comparison with the formation of the Eed Beds 
ahan atates. n • • t 

Senes persisted m Western Yunnan to a later 
period than it did in the east of the province. According to La 
Touche, the Trias is entirely absent in the Northern Shan States, 
which nevertheless contain Rhaetio and Jurassic deposits of a marine 
facies. These facts seem to indicate a wide-spread movement of 
such a nature, and to justify the assumption that the Red Beds Series 
though confined to the XJ])})er Permian in Central and Eastern 
Yunnan, may be of true Pernio-Triassic age further west. 

The fauna of tlie Yunnan-i basin is sure to prove a very inter¬ 
esting one, but in the absence of palaeontological determinations it is 
impossible for me to fix the horizons of the different beds represented. 
If a guess may be hazarded, the general appearance of the fossils 
seems to indicate that both Middle and Upper Trias and perhaps 
Rhsetic beds occur. 

The first good exposures o[ the Mesozoic rocks are seen near Shai- 

Western develop- ching-po as indurated white shales striking 
tnent of the Triassic north and south and dipping towards the west 
*’^®*”* at about 20®, further on towards the east, 
soft grey sandstones crop out. Bui near Kou-t’sun-pu there are 
a few ])oor outcroiis of shales which clip tenvards the west 
and probably belong to the same series. Near the village of 
Pan-chiao thin bands of hard bluish limestone, occasionally 
brocciatod and traversed by calcite-filled cracks, are found. They 
are unfossiliforous and have a vortical dip with the prevalent north 
and south strike. Between the limestones and the fossiliferous 
marls at Yunnan-i, there is a development of dark calcareous shales 
from which 1 obtained fragmentary fish I'omains. Near the village 
of Yunnan-i, the fossiliferous beds are found as yellowish, and varieg¬ 
ated shales of fine texture followed by dark indurated shales. 
On the topographical map the region is shown as a flat plain, 
but actually the valley was found to be divided by a low ridge 
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of these rocks. The sequence of the fossil-bearing beds is as 
follows :— 

Yellow marls, 
Yellow shales, 
Yelloxpish and marly shales with streaks and blotches 

of red. 
Dark greenish slaty shales. 

Numerous bivalves w’ere collected from the yellow marls and 
shales, while the dark shales contain forms apparently related to 
Daotiella sp. The series is practically vertical, somewhat contorted, 
with a general strike of north-east-south-west. The greenish in¬ 
durated shales continue as far as Kao-kuan-po, though they are 
often obscured by alluvial deposits. 

About three miles to the south of Yunnan-i, the village of Miao- 
tsway is situated and in the hills adjoining the 
plain in its vicinity, another fossiliferous loca¬ 
lity wasx-found. Here a series of practically 

vertical beds strike north 16® west—south 16® east, composed of soft,, 
greyish-white, sandy shales and harder, yeUowish-wMte and yellow 
sandstones, full of red joint planes, nodular in places and containing 
a few' thin bands of quartz. There are extensive alternations of 
these beds, but the fossiliferous band is confined to a few inches of a 
soft yellowish marl, followed by yellowish and w’hite shales. Another 
fossil horizon was discovered a few hundred yards further south in a 
kind of shelly marl, containing small rounded pieces of quartz, 
broken bits of shells and lamellibranch casts in a fine-grained yellow' 
to yeUowish-red sandy matrix. The casts appear to belong to 
genera like Myoplioria, Gervillia and Cardita. 

On another occasion I found a third fossil band still higher in the 
sequence near the coal seams which are worked in the viomity. 
There are three seams in hard yellow and yellowish-white sandstones 
separated by bands of bluish and bluish-white shales. The sand¬ 
stones become soft and assume reddish and brownish tints on ex¬ 
posure. The strike is north 15®-20® east—south 16°-20® w'est, with 
a high dip towards the east. There has been considerable local 
disturbance. Plant remains in a fragmentary condition were 
obtained in a dark shale on the mine heaps. They appear to belong 
to the genera Tueniopteris and Neuropteridixm, 
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After crossing the alluvial deposits of the Ytinnan-i basin which 
reach to the immediate vicinity of Mu-pang-pu, 

^aDe?elopment to the elevation of 6,775 feet above sea levels 

the road rises during the next four or five miles 
to An-nan-kuan, elevation 8,250 feet above the sea, across a series 
of rocks which in aU probability belongs to the Triassic system. 
The recent deposits at the foot of the hill, belonging to the Nan Tien 
series are of considerable thickness and are dissected into miniature 
canons by torrents in the rainy season. They are followed by soft, 
white or yellowish sandstones, bluish-black and yellowish sandy 
shales. The prevalent strike is north 5®-10° west—south east 
and the dip at fairly high angles to the east. As far as I could make 
out they are unfossiliferous, but I believe they belong to the coal¬ 
bearing series. 

A rapid traverse across the Mesozoic basin of Yunnan-i, did not 

Probable faulted allow me to come to any definite conclusions 
junction of the Trias regarding the nature of the junction between 
with the Permian. jg composed and the 

older systems that lie both to the east and west of it. At 
An-nan-kuan typical red sandstones of the upper Permian are 
found in contact with the Triassic deposits. These sandstones 
moreover have a westerly dip which may indicate a faulted 
junction. The straightness of the western contact between the 
Triassic and the Permian limestones and igneous rocks, leads me to 
imagine that it too will prove to be a faulted junction rather than an 
overlap. If this is eventually found to be the case, this, the most 
westerly zone of fossiliferous Mesozoic beds in Western Yunnan, will 
come into line with the better known ones further to the south-east^ 
which are now known to owe their preseiwation to the action of long 
fractures with considerable throw. 

The late Tertiary and Recent lacustrine and fluvio-lacustrine 

Lacustrine Deposits deposits of the Yunnan Hsion plain are the 
of the Yunnan Hslen same kinds of sand, sand rock and clay foui d 

in similar positions in other parts of the ])ro- 
vince, and of the same character as those typical ones in the Nan 
Tien valley from which I have taken a name for the group. The 
Yunnan Hsien lake in which they were deposited had two long arms, 
one about twelve miles long and one to four miles broad, running 
from north-west to south-east, and the other twelve miles long and 
four or five miles broad running from north-east to south-west. The 
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narrowest portion is at the meeting of the two arms. A small 
remnant of the former lake stiU exists about the centre of the first 
arm, and in it deposits are being laid down to-day in perfect con¬ 
tinuity with the older ories of the plain itself. 

The distance to which the Triassic zone extends towards the south 

Triasslc beds between of tlie Yunaan Hsien plain is quite unknown, 
H:-chih and the Mi-tu but I found strata of this age in situ towards 

the southern end of the Mi-tu plain as indi¬ 
cated on the map. Here coal seams occur in sandy shales of 
the same character as those found around Mao-tsway. In close 
X:)roximity to the village of Li-kang-chang decomposed volcanic 
rocks were found. These are probably of Permian age. The 
locality is a bad one for geological work owing to the grassy 
nature of the hillsides, and it was impossible to do very much in one 
hurried march. The coal seams however prove the presence of 
Triassic rocks hereabouts, and if the Chinese reports of coal mines to 
the north of the southern extremity of the Mi-Tu plain, towards 
Yunnan Hsien are correct, there is reason to suppose a continuity of 
the Trias right through. 

B.—^Yunnan Hsien to Tsung-Fu-Chuang. 

During a journey from Yunnan Hsien I traversed Sheet No. 31 
N. W. nortWards to the Yang-tze-chiang. 

Coal is mined on the south-western slopes of peak 6,950 B w^hich* 
lies to the east-north-east of the city but does 

Yunna^^Hsien! ^ conspicuous land-mark 
because the surrounding plain has an elevation 

of more than G,000 feet. The thick soil cap hides most of the rocks 
in the vicinity of the mines, but the exposures that are seen exhibit 
the same soft, yellow sandstones and marls as those found at Miao- 
tsway, further south on the other side of the plain. The strike is 
north and south and the dip very high towards the east. A few 
fragmentary plant remains were collected from a weathered shale 
on an old mine heap. 

After leaving the city of Yunnan Hsien the road proceeds north 
„ across the deposits of the plain for two miles 

Umestones and volcanic before entering the mils near Hung-tu-po. 
decomposed lavas are then found on the 

Jisien and Ton^-ciman. ^ -j j? xt. n /• n i i 
eastern side of the stream valley followed by 
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tte path as far as the village of Ta-wa-tzu. On the western 
side of the track limestones crop out but their junction with 
the igneous rock is marked by such profound decompobition 
that nothing can bo leaint from it. Behind the limestones the 
volcanic rocks can be seen rising in steep clifEs. At the edge of the 
watershed beyond Ilsin-tsun, elevation 7,260 feet, good exposures 
of a metamorphosed and brecciated limestone occur, while a little 
further on, masses of limestone are seen actually within the volcanic 
rocks which settles finally the relative ages of the two groups. 
After crossing the rvatershed the road descends rapidly into the 
valley of the Pin-chuan Ilo, and nothing more is seen of the 
limestones, volcanic rocks occupying the whole country. As a rule 
the outcro[)d are soft and decomposed, but the stieam bed is full ot 
hard bouldexs and pebbles. Dolerites and amygdaloidal basalts 
appear to be the commoner types. 

I was informed that coal occinrcd near Tong-chuan, a small village 
about miles north-east oC Lung-yu-ts’un and 

Tong-^chuan?^^* ^ point where a small tributary from 
the east onteis the plain. The road to the mines 

winds up the valley of this stieam for a mile or so. At first the 
volcanic rocks build up the whole valley; decomposed along the 
path, they arc seen in fresh exposures in the bed of the torrent cioss- 
ing them in a number of 3*apids and small falls, ydid and umyg- 
daloidal lavas, volcanic breccias and agglomerates with an occa¬ 
sional layer of a tufWiko a])peaianee wore all noticed. They strike 
north-east, south-west and dij) north-west at 65®-70®. After cross¬ 
ing the volcanic series the road at once jiasses on to dark indurated 
shales followed by coarse, gritty sandstones which strike horth-east, 
south-west and dip south-east at 42®. Unfortunately there is a 
thick soil cap which hides the rooks in the vicinity of the mines them¬ 
selves. I only succeeded in finding a few badly preserved and 
indeterminable lamollibrancLs in the shales enclosing the coal seams. 
The cod-bearing hoiizon is probably the same as the one seen near 
Yunnan Hsion, from which it is separated by a distance of about 
fourteen miles as the crow flies. 

Coal seams also occur on the western side of the Pin-chuan valley. 

Triassic beds to the walled city of that name* a 
west of Pin-chuan road leads in a north-westerly direction to 

^^**®”* Kan-tien at the edge of the plain. Here 
coarse sandstones and shales are found striking north 30® west. 
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south 30® east and dipping north-easterly at 65°. Two miles 
further west there are exposures of coarse grey sandstones in thin 
beds separated by layers of grey micaceous shales. The dip is 
towards the north-west at 55®. Further on still, the shaley beds 
become more numerous and coal is mined about two miles to the 
south-west of Kan-tien, a small village lying at the foot of a spur 
running out from a well-marked ridge. Very few rocks are visible 
near the mines owing to the thick soil cap, but the type of strata 
found further away is lithologically identical with the coal-bearing 
hoiizons of Tong-chuan and Yunnan Hsien. 

llarching north along this valley towards the Yang-tze-chiang, 

Alluvial deposits of rocks are visible for miles owing to the thick 
the Pin-chuan Ho recent and sub-recent alluvial deposits. The 
^ ground is covered with boulders and pebbles 
washed down from the hills on either sides. They are nearly 
all composed of greenish, greyish and reddish sandstones with 
a few smaller ones of shale, and recall the Triassic rocks found 
about the coal seams. The smaller tributaries, dry in April, when 
I made the journey, have cut deeply into the deposits of red clay 
with boulders, and sometimes a thickness of more than 100 feet 
is exposed without the rocky bottom being reached. The small 
valley near Hsiao-lo-ho is a typical example. At this point the track 
turns sharply to the north-west and descends to the main northerly 
flowing stream, which it meets near Sha-ting (5,100 feet). There are 
no rocks visible in the bottom of the valley here, though a descent 
of 650 feet has been made from Pin-chuan-Ohou. 

Towards Te-shin-tang, the valley narrows, though this is not 

Volcanic rocks and indicated well on the topographical map. A 
limestones of the Yang- spur from the eastern ridge and another from 

lang V ey, higher range on the west close it in, and 
the long stretch of continuous alluvium comes to an end, though 
a smaller isolated band is found further north. The sandstone 
boulders are replaced by rounded blocks of basic igneous rocks. 
Just beyond Shun-tang these are found in situ on the road and 
also crop out in cliff exposures higher up. The dark greenish 
rock is in bands, perhaps of separate flows which are very 
cracked and decomposed. Some of them are practically holocry- 
stalhne, while others are very amygdaloidal and contain zeolites and 

■quartz. The valley is narrow and hot as it shut in by high walls, 
^^e cultivation is devoted to sugar cane, an unusual crop in this part 
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of Yunnan. Further north the igneous rocks give place to the 
underlying brecciated limestone, which appears at intervals sepa- 
rated by stretches of volcanic rocks. At the point where the Yang- 
tze-chiang, just beyond the nortiyern limits of the sheet, is first seen, 
decomposed andesites weathering with a spherulitic structure strike 
north-west, south-east, and dip north-east at 40®. In the bottom of 
the tributary valley before it joins the great river I found white 
limestone pebbles with fragmentary brachiopod remains. 

C.—Yunnan Hsien Basin to the east of T’su«hsiung Fu. 
Near An-nan-kuang, at the crest of the range which borders the 

Yunnan Hsien basin on the east, the rocks of 
The Red Beds senes. 

this point they build the whole country to the eastern limit of Sheet 
No. 31 N. W. beyond T’su-hsiung Fu, a distance of 70 miles as 
the crow flies. They continue a further 16 miles on to the next sheet 
to the east (No. 31 N. E.) as described in a previous paper 
of this series^. 

Between An-nan-kuang and Shui-pang-pu there are excellent 
exposures of fine-grained reddish sandstones striking a few degrees 
east of north and dipping in an easterly direction at high angles. 
Between the latter place and Pu-pung the outcrops are not so good 
but the same kind of rock continues. Just before Chin-chi-tang is 
reached, rather coarse reddish and reddish-yellow sandstones strike 
north 30® west—south 50® east, and dip at 22® in a south-westerly 
direction. Pu-pung has an elevation of 7,175 feet and is 16 miles from 
Yunnan-i. From the ridge above the village the Bed Beds are seen 
to stretch far to the north and south in broad ranges separated by 
wide valleys, which do not run in any particular direction and seem 
bo be the result of general §ub-aerial denudation. On the tops of 
rhe ridges red rocks can occasionally be seen cropping out. 

The same remarks hold good for the country seen to the south 
from the road between Pxi-pung and Pu-chang-ho, Between these 
two places there is a gradual descent to the east followed by an 
ascent to T’ien-shan-t’ang, 12 miles from the former place. Through¬ 
out this march shales are equally developed with the sandstones ; 
the former being sometimes of greenish and yellowish-red shades, 

o2 
^ OontribiitiOa No. 4. 
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wHle the sandstones are all alike, either of the fine-grained red type- 
or of red speckled with white. Under the action of the weather the 
shales break up into small angular fragments which eventually form 
a heavy clayey soil. Through this the streams cut narrow valleys 
on the sides of which rain pillars are very common. Just beyond 
Pu-chang-ho the strike is north-west, south-east and the dip at 
to the south-west taken on red shales enclosed in sandstones. 

Prom T’ien-shan-t’ang, a march of 7 miles to the south-east 
brings one to the head of the alluvial deposits which, with one small 
break, continue on and past the small walled city of Chen-nan-Chou, 
a farther distance of 16 miles. Between Ying-wu-kuan and Ta- 
fu-ssu, the red sandstones are mainly in evidence and the shales only 
occupy a subordinate portion of the series. Near Ying-wu-kuan 
the sandstones strike north-west, south-east and dip south-west at 
45°, but further on, about Hsin-pu-tang, the strike veers round to 
north and south while the variable dips indicate folding. 

To the west of Chen-nan Chou there are only poor exposures 

Deposits of unknown sandstones and shales with an occasional 
age to the east of band of quartzite. About Kao-fung-shao, 
Chen-nan Chou. however, east cf the city, a series of dark 

carbonaceous shales with thin partingvs of sandstone and shale is 
seen. The surrounding strata are yellowish and dark grey shales 
with thick bands of coarse, white, friable sandstones. They 
strike north-west, south-east and dip south-west at 45° and 
contain fragmentary plant remains too friable to be collected. In 
general appearance these beds recall those of the Nan Tien j^eries 
of Tertiary age, but on the other hand, their high dip and occurrence 
away from the valley deposits seems to indicate that they may 
belong to a Triassic horizon. They are, however, quite different 
from the ordinary facies of the Bed Beds series. Similar greyish and 
black shales containmg broken plant remains also occur just beyond 
li-ho, four miles further east. 

Beyond this point to T’su-hsuing Fu and to the north-east of this 
city through Kuang-tung Hsien to the edge of the map, typical 
members of the Bed Beds series are found. Around the former 
place sandstones prevail and are seen bordering the alluvial deposits 
of the plain. One nule to the west of the city there are building 
stone quarries in a speckled grey and white sandstone. Hard 
yellowish shales at the end of the plain strike west 32° north—east 

•32° south. The surrounding country consists of low rounded hills,. 
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dissected by wandering streams and thinly covered with scrub 
growth. 

D.—Salt-producing Region east of Ting-yuan Hsien. 

Ting-yuan Hsien lies two stages north of T‘su-hsiung Fu. The 
road after crossing the alluvial deposits of the plain ascends to the 
top of a high ridge along which it continues. Good sections of the 
Red Beds series are exposed the whole way, shales being more 
prevalent than sandstones. Near Lao-kan-ch’ung they strike north¬ 
west, south-east and dip south-west at 31°. The first stage is reached 
at Shin-tang which lies just ofE the crest of the ridge, ten miles from 
T’su-hsiung Fu, at an elevation of 6,850 feet above sea level. 

A further 10 miles leads to the Ting-yuan Bfeien valley, which is 
an old lake basin filled with fluvio-laoustrine deposits. Near the 
city reddish and reddish-violet shales with thin quartzite bands 
strike north-north-west, south-south-east and dip from 40° to 45“ 
in a westerly direction. 

Lan-ching is a large village situated at an altitude of 6,600 feet, 
about eight miles to the east of Ting-yuan Hsien: between the two 
places there are many exposures of red shales and nearer Lan-ching, 
of hard red sandstones in thick bands with an easterly dip. There 
are several brine wells here and the salt-bearing horizon is low down 
in the Red Beds series. Brine wells are also worked at Hei-ching a 
village about six miles to the north-east of Lan-ching. After leaving 
the latter place the road ascends the steep north and south running 
range which here forms the western boundary of the Tso-ling Ho 
valley. The crest has an elevation of 7,800 feet and there is a steep 
descent at once to the rivet at Hei-ching, 6,500 feet. A massive 
red sandstone of great thickness, weathering into huge buttresses, 
is found on the way down, and it is in this rock that the salt occurs. 
It strikes north 24“ west- south 24“ east and dips easterly at 66°. 
The wells are situated about three quarters of a mdle along the 
bottom of the valley under the steep slopes of its western wall. 

Twelve miles to the south-east of Hei-ching and about three 
miles south of Hsiang-chi-shao on the main road from Tingyuan 
BMen to Yunnan Fu, lies Hou-ching, owning both salt mines and 
-brine wells and one of the more important salt-producing areas of 
this part of the province. A very steep climb out of the Hei-ching 
valley brings the road to the top of a south-easterly running ridge. 
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along which it winds at a general elevation of 8,000 feet until Hsiang- 
chi-shao is passed. Typical red sandstones and a few shaley hori¬ 
zons occur all the way. From Hsiang-chi-shao there is a very 
precipitous descent into Hou-ching. The salt occms disseminated 
in a hard red sandstone at least 20 feet thick and perhaps much more. 
It is well developed both outside and within the town and appears to 
strike west-north-west, east-south-east and dip at 50° or 60° to the 
north-north-east. On the ascent out of this valley the red sandstones 
are followed by red shales, which later gives place to more typical 
soft red sandstones and thin shaly layers of the Red Beds series. 

EXPLANATION OF PLATE. 

Plate 1,—Geological map of the country between Tali Fu and Yunnan Fu. 
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I_INTRODUCTION. IN tLe autiinm of 1910, I was altaclied lo tlie Waziristan Field 
Force to survey geologically, as far as possible, tbe country passed 

through by the expedition. In November, 1919,1 was attached to the 
Tochi Column headquarters under Major-General A. Skeen, C. M. G. 
The Tochi Column proceeded up the Tochi valley as far as 
Datta Khel, and I was thus able to examine the sections de¬ 
scribed by F. H. Smith {Bee. Ged. Svn, Ind., Vol. XXVIII, 
pp. 106—110,1895), and to confirm his observations. From December, 
1919, to May, 1920, I was attached to the Derajat Column 
headquarters, under Major-General Skeen, for the whole of the 
Mahsud campaign. My best thanks are due to the Force Commander, 
Major-General S. H. Climo, C.B., D.S.O., and to the Column Com¬ 
mander, Major-General A. Skeen, both of whom always gave me 
every assistance, and facility to work, compatible with the conduct 
of the campaign. 

Owing to the severity of the fighting, and the revolution in 
tribal mountain warfare brought about by the enemy possessing the 
most modern type of high velocity rifle, it was not possible to work 
outside the line of piquets, and consequently a narrower geological 
traverse was obtained than has been customary in previous cam¬ 
paigns. Neverthdess, a complete traverse was obt^ed of the 
country passed through, and the geological section mapped throws 
valuable li^t on the complex geology of Waziristan. 
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The Derajat Column started operations from the frontier post 
of Khirgi (70° 12' 30" : 32° 18' 27"), and proceeded up the bed of the 
Takki Zam (sometimes called the Tank Zam) to the confluence of the 
Dara Toi and Baddar Toi at Dwatoi (69° 53' 45"; 32° 35' 15") 
from there up the bed of the Dara Toi to Makin (69° 49': 32° 37' 30"), 
from llakin, back along the Dara Toi, to Dwacoi, and from there 
along the bed of the Baddar Toi, through Kaniguram (C9° 47' : 
32° 31' 15") to Giga Khel (69° 40' 15" : 32=^ 32' 15"). 

From Khirgi to Sorarogha (70° V 45" : 32° 30' 50"), the country 
passed through was almost devoid of vegetation, the rocks were 
generally bare and devoid of any soil covering, and the country 
exhibited the denudation features common to dry zone areas. 
Where a patch of recent alluvium has collected on the inside of a bend 
of the river, the same has been almost invariably protected by 
breakwaters, erected by the Mahsuds, and used for cultivation. 
Such an area is known locally as a Kach, Other than on these 
small aliuiual patches the country is, generally speaking, devoid 
of cultivation. Above Sorarogha the country becomes sparsely 
wooded, and on the gentler slopes is fairly thickly covered by the 
evergreen holm oak [Quercus ilex) and wild olive. This type of 
vegetation persists up to Giga Khel, which is 7,709 feet above sea 
level. Above Giga Khel the predominant vegetation is pine. A 
peculiar feature is exhibited in the Kaniguram-Makin area, which 
is composed of a large sheet of gravel cut into ravines and gently 
rolling hills (downs) by recent erosion and denudation. In thi 
area the northern and north-eastern slopes of the hills are covered 
by a fairly thick growth of holm oak, whereas the southern and 
south-western slopes are bare and devoid of vegetation. There is 
no geological reason for this, the explanation being probably con¬ 
nected with prevailing winds. 

The country between Giga Khel and Khirgi slopes somewhat 
steeply, Giga Khel being 7,709 feet above sea-level, Kaniguram 
6,250 feet, Sorarogha 4,031 feet, and Khirgi about 1,650 feet. The 
course of the river lies alternately through wide terraces of old 
river alluvium and narrow ravines and gorges, of which the local 
name is Tangi. The formation of the terraces of older alluvium 
was probably due to the river being held up at the tangis, or narrow 
gorges, sufficiently long for the dieet of alluvium to form. 

The geology of the Tochi valley, as mapped by Smith, is shown 
on Plate 2, and the line along which his sections were drawn is 
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indicated. I liad no opportunity on tlxis expedition to search for 
fossils in his Middle and Lower Nummulitic beds, but there is no 
reason to doubt his identification of their geological horizon. 
According to Smith, there are no seditnentary rooks of an earlier 
age than Eocene in the Tochi vaUey, with the possible exception 
of a hill of black limestone near hliran Shah. I visited this hill 
and failed to find any fossils in it, but agree with Smith in thinking 
that it is not a part of the Eocene system. At the same time, after 
going through the Takki Zam, I do not agree with him that it is of 
Cretaceous age. The Cretaceous rocks in the Takki Zam do not 
exhibit the black limestone facies, whereas the plant-bearing series 
does contain occasional unfossiliferous black limestones, and from 
the geological structure of the country, as far as it has been seen 
(see Plate 2), I am inclined to the view that the Lower Nummulitics 
of Smith are resting unconformably on the plant series in the Mirau 
Shah area. I will refer to this again when I have described the geology 
of the Takki Zam area. 

II—STRATIORAPHICAL. 

In the Tochi valley, about thirty miles to the north. Smith recog¬ 
nised the following five rock groups (in descending order):— 

(e) Siwalik 
(d) Upper ) 
(c) Lower ) 
(&) Mesozoic 
(а) Igneous series. 

The geology of the Taldd Zam valley is distinctly different. 
I have divided the rocks of the area I was able to visit into the 
following series:— 

(e) Older Alluvium. 
(d) Siwalik. 

Fault. 
(c) Nummulitic. 

Fault. 
(б) Lower Cretaceous. 

Fault, 

(a) Janjal plant series (fJuiassic) 
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Janjal Plant Series. 
Tliis consists of a series, of blue, dark blue and black sbales witl^ 

occasional tbin black and dark blue limestones. It is well exposed 
under Janjal village. The base of the series appears to consist of dark 
red shales and silicious limestones in which I found no trace of any 
fossils. This lower and reddish portion of the series is seen from 
the Barari Tangi to Banglwala. These beds are all dipping at steep 
angles, and weather into a succestion of knife edge ridges. Above 
this lower portion comes the main portion of the Plant series, 
dark blue shales and subordinate black or deep blue lime¬ 
stones, with occasional black pencil slaty shales. The Ihnesiones 
and blue shales are filled with carbonaceous marLings (K. 21. 1(39), 
none of which are determinable, buc which seem generally to resemble 
simple sea weed impressions. The upper portion of the series is more 
arenaceous and contains brown sandstones and occasional quartzites. 
These arenaceous beds yielded no fossils, but their weathered sur¬ 
faces showed markings very similar in character to the fucoid 
marking that occur on the Pab sandstones. 

Owing to the absence* of determinable fossils m this series, it is 
difficult to fix its geological age with any certainty. The nearest 
area to which reference can be made is the Sherani country mapped 
and described by La Touche in 1893 {Rec, Geol. Surv. Ind,, Tol. 
XXVI, pp. 77-96). In connection with this it is necessary to 
point out that the geological ages assigned by La Touche to his 
subdivisions require modifications in light of more recent w’ork. 
His subdivisions and their geological ages as at present recognised 
are as follows :— 

i4. Conglomerates, sandstones and clays 
VSiwalik. 

13. Sandstones and clays (iluiree in part) J 
12. Olivo sbales and clays (Nari in part) Oligocene. 

11. Limestones with yummiditc^, 
10. Olive sbales 

9. Nornmnlitio limestone 

8. Sbales with gypsum 

7. Sbales and sandstones ^ representatives 
Laki, Khirt- 

6. illasBive limestone bandJ bar, etc. 

5. Quartzose sandstone (Pab sandstones) 

4. Sbales with minute yummuUtes 

3. Tbin limestone with Belemniies'^ 
vNeocon 

mites J 2. Black shales with BeUmniies 

1. Massive block limestone 

-Neocomian 
Cretaceons. 

Jurassic. 
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I here is a distinct resemblance between tlie black limestone in 
which the carbonaceous markings occur in the Takki-Zam area 
and the massive black Jurassic limestone of the Sherani coimtry. 

As the base of the Janjal plant series is cut oE by a fault, and 
as I could not go into the territory containing the uppermost portions 
of theseiies, its stratigraphical position cannot be determined with 
reference to the other rocks of the area. 

If it is regarded as the probable equivalent of the massive black 
Jurassic limestone of the Sherani country, then the throw of the 
fault between it and the Belemnite shales need not be great. There is 
another incident which may possibly lend support to this view that 
the age of the series is Jurassic. While going through Kaniguram, 
after its occupation by us, I found in one of the houses a small 
ammonite of the species A. communis. It seems to me more pro¬ 
bable that this specimen was picked up by one of the local inhabi¬ 
tants in the immediate neighbourhood rather than that it had been 
brought in from a long distance, and if this is admitted its presence 
is significant in view of the fact that Liassic shales with ammonites 
occur in the Sherani country underneath the massive Jurassic 
limestone. From the evidence at my disposal, I am inclined, 
therefore, to regard the Janjal plant series as of Jurassic age. 

Cretaceous. 

The Cretaceous rocks consist of olive green and dull chocolate 
red shales wibh harder calcareous bands and occasional brown 
sandstones weathering to a black surface. In the Ahnai Tangi 
are occasional thin partings of black limestone and a thick band 
of reddish brovii nodular limestone. At the top of the exposed 
series near Mandanna Each is a series of bright purple-rod shales, 
and white gypseous indurated clays (practically porcollanito), with 
occasional hills of black earth, resembling the black mud which is 
ejected from certain sulphurous springs. It is not certain that 
this is the origin of these black earths, but their relationship to 
the other beds is obscure, and they do not soeiu to have any definite 
stratigraphical arrangement. 

Although no fossils were discovered in the upper bright red 
and white series, it seems not unlikely from its striking coloura¬ 
tion that it may represent part of the ®Paxh’ series or Upper 
Neocomian of Baluchistan, while the lower series, consisting of olive 
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green and dull chocolate red shales with occasional calcareous 
bands and sandstones, represents the Belemnite shales or Lower 
Neocomian, The olhe green and dull chocolate red shales of the 
main series contain in certain horizons abundant belemnites of 
which the commonest are Belemnites suhfusiformis, Easp. and 
Belemnites dilatatus^ Blaino (E. 21. 168^), two of the commonest 
fossils of the Belemnite shales of Baluchistan. These belemnites 
were responsible for the rumour, current throughout the force, that 
the Mahsuds were using stone bullets, the end portion of the 
belemnite being almost identical in shape and size with the Mark 
VII bullet used both by us and the Mahsuds. The rumour, needless 
to say, was entirely without foundation. 

Nummulitic Series. 
The outcrop of the Xummnlitic series is limited to a narrow tract 

of oountr}’’ bounded on both sides by faults, in the neighbourhood 
of Palosina and Mandanna Each. The upper portion of the series 
is typical white nummulitic limestone, and forms the Palesina 
ridge and the Sagarzai. 

Dipping underneath the nummulitic limestone of the Sagarzai 
are bands of olive green and chocolate shale and coarse dark brown 
sandstone and grit, weathering to a shiny black surface. 

I discovered no fossils in these shales or sandstones, but have 
little doubt from their position and stratigraphical arrangement 
that they correspond to what Smith called ' Lower Eummulitics' in 
the Tochi Valley section. 

Siwaliks. 
The Siwalik rocks exposed consist almost entirely of coarse 

ierruginous conglomerates. Very occasional subordinate bands of 
red sandstone occur in the conglomerate series, but the series as a 
whole is essentially a conglomerate series. Since in both the Sherani 
and the Tochi areas the Siwaliks consist of an upper portion 
composed of massive conglomerates, and a lower portion consist¬ 
ing of sandstones, and since in the Khirgi-Jandola area the conglo¬ 
merates are dipping westwards, I do not think it likely that the lower 
division is exposed in the area mapped, as, to think so, necessitates 

^ The number in brackets refers to the registered number of the specimens in the 
Geological Survey of India collections. 
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the assumption that the sandstone series ot both the Tochi section 
and the Sherani section is represented by massive conglomeiates in 
the Khirgi-Jandola area, a possibility which I hold to be unlikely. 

Older Alluvium. 

The older alluvium consists of ancient river terraces of coarse 
gravel. Frequently several terraces' can be seen. For example, 
south of the junction of the Inzar Toi with the Takki Zam 
at Kotkai, at the site of the camjping ground, three such river ter¬ 
races are very clearly demarcated. The largest slrctch of old¬ 
er alluvium is that seen in the Kaniguram-Makin aiea. Here, a 
vast deposit oi older gravel stretches from the present bed of the 
Baddar Toi on the south to the Razmak on tbe nortl)—a distance of 
over eighteen miles—and averages in ^vidth from over li\c miles, 
in the Kaniguram-fTiga Kb el area lo over a mile in the north. 

The origin of this vast stretch oi gravel is nor clear, but some of 
it is probably partially ol glacial origin. In the Kaniguram- 
Giga Khel area the gravel contains much angular and iiuworn material 
of unsorted size^> ranging from the finest silt to angular boulders 
weighing many tons each. 

This portion of the gravel area is situated over 0,000 feet above 
sea-level. Below 5,500 feet, that is to say, near Ladha, the gravel 
exhibits ordinary fiuviatile characters, and I am inclined to think 
that the explanation of the deposit is primarily glacial, but that the 
lower portions of it arc of flaviatile origin and w'ere accumulated 
on the melting of the ice at the end of the glacial conditions. 

Kaniguram has now a temperate cHmate in the summer, but in 
the winter and spring is frequentlyoovered with snow, and a tempera¬ 
ture as low as 25® below freezing (7®P.) was experienced as low down 
as Aka Khel (69® 58' 25": 32® 33', 4,860 ft.) on this campaign. 
The high range including Pir Gal (11,556 ft.) bounds this area to 
the N. W., and it seems to me not improbable that in former 
times glaciers from this mountain range to the N. W. may have been 
partially responsible for the acoumulation of this gravel. 

In composition the gravel consists chiefly of pebbles ol igneous 
rock, ranging from intermediate to basic in composition, which could 
quite easily come from the igneous series described by Smith 
as occurring in the Tochi, and which probably extends •southwards 
and forms part at least of the Pir Gal-Spinkamar range. 
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The Makin-Kaniguram gravel area is comparatively low, open, 
gently rolling country, cut up by ravines, with more or less ver- 
■tical sides eroded by the existing streams and rivers. 

m_DESCRIPTIVE. 

The first rocks seen west of the frontier at Khirgi are hard, massive 
ferruginous conglomerates, belonging to the 

AreaJ^^ *^*^^* *^*”^^^^ Siwalik system. Practically along the line of 
the frontier these conglomerates are cut by a 

fault running approximately N. 20® E.—S. 20® W. This fault is well 
seen Just west of the guard tower south-south-west of Khirgi 
post, where beds of conglomerate dipping 5® eastwards on the west 
of the fault are faulted against vertical beds on the east of 
the fault. Proceeding westward up the Takki Zam, one sees 
the strata bending over in a very flat anticline until at Sperwam 
Khajux Kach the beds are dipping W. 35® N. at 15®. This dip steadily 
increases as the rocks are traversed in a westerly direction until at 
Karariwam the dip is 30®, at Khagurlar 45® and in the Hines Tangi 
50®. West of the Hines Tangi' is a broad expanse of older river 
gravel due to the river having been held up in former times by the 
hard, steeply dipping conglomerates of the BQnes Tangi. 

Badges of Siwalik conglomerate again outcrop to the west of 
Jandola Ports with a dip of 60®-70® to the W. 35° N. The most 
westerly exposure of Siwalik conglomerates seen is that composing 
the Sarkai ridge, where the beds are dipping steeply to the W. 35® N, 

This area is much cut up by faults. North-west of the Sarkai 
ridge with its north-w'esterly dipping Siwalik 

SllmtamdSArea. conglomerates is the Palosina plain of older 
alluvium, bounded on the north-west by a 

ridge of nummulitic limestone forming the Palosina ridge, and 
on the north by the Sagarzai ridge, consisting at its crest of nummu- 
litiq limestone, under which dip the olive green and chocolate-coloured 
shales of the presumed Lower Nummulitics. The southern end of 
the Sagarzai ridge and the northern end of the Palosina ridge are 
■cut off by a fault which must run approximatdy east and west. 

It was not possible to go to the Ehuza Sar ridge, but it apparently 
consists of dark-red sandstones which appear to conformably overlie 
the nummulitic limestone of the Sagarzai ridge and so may possibly 
coreespcnd to a portion of the Murree 'defies. Both the Khuza 
Bar^ridge and the Sagarzai ridge appear to end abruptly at their 
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southern ends against the north-westerly dipping Siwalik conglo¬ 
merates, and the only feasible explanation is that a fault runs along 
the north-western flank of the Sarkai ridge and cuts off the ends 
of the Sagarzai and Khuza Sar ridges. 

Immediately to the east of Mandanna Each village bright purple- 
red shales and white porcellenoid beds of the presumed Upper Neoco- 
»man crop out These beds are dipping steeply in an E. 20° S. direc¬ 
tion. They can be seen extending in a S.S.W. direction across 
the Shahur river, and from the apparent discordance of their strike 
with that of the nummulitic limestone, there is, I think, little doubt 
that the junction of the two is due to a fault running approximatdy 
N. 20° B.—S. 20° W. through Mandanna Each. 

Dipping under the bright red and white rocks of the presumed 
Upper Neoconxian, are a series of olive green 

to BMari*Tan*L* chocolate red shales with occasional cal¬ 
careous bands which are exposed up the bed of 

the Takki Zam from Nai Each to Lawats Tower opposite Eotkai. The 
general dip is S. E. at about 30°. On the left bank of the Takki 
Zam between Lawats Tower and the Ahnai Tangi is a band of brown 
sandstone weathacing to a black surface. Eiis sandstone area was 
the scene of fierce fighting and was eventually left by us, so that 
no opportunity occurred of properly examining it, but the sandstone 
appeared to form part of the series. At the Ahnai Tangi, and form¬ 
ing it, subordinate thin intercalations of black flaggy limestone occur 
in the green shales and also a thick band of red nodular limestone. 
This red nodular limestone is practically vertical in the Ahnai Tangi, 
and forms the sharp knife edge cliffs characterising the Tangi. 
The cliffe axe about 2C0 feet high. 

From Flathead left (the northern extremity of the Ahnai Tangi 
gorge) to Barari Tangi olive green and chocolate red shales are seen 
Upping normally S. E. at a general angle of 60°. In this dark red and 
green shale series helemniies are found below and opposite Nai 
Each, under Lawats Tower in the Ahnai Tangi, and opposite the 
Sorarogha plain. There is little doubt that this series corresponds 
to the Belemnite Shales of Baluchistan and is Lower Neocomian in 
age. 

Between Mandanna Each and the Barari Tangi one encounters 
two large areas of older alluvium. There is the Eotkai area, which 
stretches from the south-eastern scarp of the Ahnai Tangi to near 
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Nai Kach. This in places shows several distinct river terraces, 
and its formation has been due almost certainly to the river having 
been held up by the hard porcellenoid rocks of llandanna Kach. 
This area of older alluvium is confined to the right bank of the 
liver. 

Above the Ahnai Tangi another large area of older alluvium 
stretches from near Gana Kach to Sorarogha. This area also is con¬ 
fined to the right bank of the river. 

North- west of the Sorarogha plain, hard red and whitish calcareous 
and siliceous rocks with intercalated dark red 

purple shales crop out dipping steeply 
W. 35*^ N. These rocks form the mountain 

ridge through which the Takki Zam cuts the narrow gorge known 
as the Barari Tangi. On the left bank of the river further along 
the outcrop to the north-east, the dip becomes venical, and still 
further to the north-east becomes reversed and dips in a south¬ 
easterly direction. These rocks yielded no fosbils, but they dip 
under the blue, ilark-blue and black shales and thin black lime¬ 
stones of the plant series, which are well exposed at At a Khel and 
which persist from there up to Tauda China. Where xOcLs agam 
crop out on the north-west of the Makin gravel area at Brnd Khel, 
they are of the same type and contain the same obscure plant 
markings- The pre^ ailing dip of this series is in a north-westerly 
direction, but the series is liighly contorted, and intense contor¬ 
tion and overlolding are the striking structural features of the 
area occupied by these rocks. Consequently, no estimate of the 
thickness of the series can be made. Since the prevailing dip of 
this plant series is in a north-westerly direction and the dip of 
the Lower Neocomian immediately south-east of the Barari ridge 
is in a south-easterly direction, and since each of the two series 
is restricted to its own side of the Barari ridge and is not seen on 
the opposite side, the deduction is unavoidable that the structure is 
not a simple antilione, but that two distinct series are faulted against 
one another and are dipping away from each other in opposite direc¬ 
tions. 

The bed of the river passes alternately through narrow gorges 
where hard bands (generally of limestone) have been encountered, 
and through areas of shale and softer rock where plateaus of older 
alluv'ium have been accumulated; Bangiwala, Shin Konr, and 
Piacha Raghza are examples of large plateaus of older alluvium* 
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From Dwatoi to Ladha the rocks exposed in the river bed are 
the same as those seen in the Dwatoi-Tauda 

gurainfimd*Gig*a China section. Near Ladha, however, it be^ 
comes evident that the gravel in the river bed 

is altering in character. Instead of normal, fairly uniformly sized 
river-gravel, frequent small boulders occur in the gravel, and these 
boulders increase in frequency and in size up the river bed, until 
at Kaniguram quite large angular boulders are encountered (particularly 
in the Trikh Kohnr Algad). Between Larelar and Giga Khel 
angular boulders occur which not only weigh many tone each, but which 
cause miniature waterfalls and deep pools in the river. It is the pre¬ 
sence of these huge and generally angular boulders that leads me to 
suppose that this portion of the Kanigaram-Makin gravel area has 
had a glacial origin. 

Above Ladha the rocks exposed in the river bed are of a different 
character. On the left bank from Giga Khel to Ladha, only the 
gravel of the Kaniguram Makin area is seen, but, since the present 
course of the river (the Baddai Toi) is approximately the boundary 
of the gravel area, rocks are exposed in or near the right bank. Be¬ 
tween Ladha and Larelar these show chiefly a sandstone facies consist¬ 
ing for the most part of light brown or buff sandstones, occasional 
whitish quartzites and subordinate greenish arenaceous shales. 

No fossils were found in these rocks, but they were characterised 
by frequent strongly developed surface markings similar in character 
to the fucoid markings commonly seen on exposed suifaeos of Pab 
sandstone. Between Larelar and Giga Khel, black slatey indurated 
shales occur, and at Giga Khel the foot-hills of the Pir Gal range 
consist of soft green argillaceous sandstones. As the survey between 
Kaniguram and Giga Khel had to be done hurriedly and under 
fairly heavy fire, there was no opportunity of searching for 
fossils, but in the sections examined no trace of fossils was 
discovered. 

It was not possible to penetrate into the Makin gorge or beyond 

VI Pir Gal Khel, so that no information was obtained 
as to the nature of the rooks forming the Pir 

Gal-Spinkamar range. From their appearance, seen through field- 
glasses, from their mode of weathering, and from the nature of the 
pebbles forming the Makin-Kaniguram gravel area, it seems to me 
likely that they may belong to the igneous series of Smiih, which 
would in that case be continuous from Spinohilla in the Datta Khel 
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area of tlie Toclii, tliTough. Sliuidar, Spiiikamar and tlie Pix Gal range. 
There is no evidence on the point, but it seems not unlikely. 

IV.—CONCLUSION. 

The geology of the Takki Zam valley is strikingly different from 
the geology of the Toohi valley. The map shows both the geology 
of' the Talii Zam area and the geology of the Tochi as mapped by 
Smith in 1896. It will be seen that, whereas the Takki Zam area 
contains Neocomian and probably Jurassic rocks, the Tochi area con¬ 
tains no sedimentary beds older than Tertiary age, with the possible 
exception of the black limestone exposed under the nummulitic rocks 
near Miran Shah in the Tochi, the afije of which is uncertain (see 
Smith, 039. cit,^ p. 109). I am inclined to the view that this is 
one of the black limestones of the plant series, which, if so, is then 
overlaid unconformably by the Nummulitic series of the Tochi area. 

V_ECONOMIC CHAPTER. 

No minerals of economic value were encountered. There were 
traces of old iron slag around Marrobi, Dwatoi and Ladha, but 
Intelligence agents reported that the iron-ore was brought originally 
from the Makin hiUs. 

The only other two minerals which may be mentioned are salt and 
petroleum. 

Salt. 
During the campaign, frequent reports were current that salt 

had been discovered in the neighbourhood of Mandanna Kach. 
I investigated these supposed finds, and found that one lump 
was found lying outside the wire of a piquet on the Palosina nummu- 
htic limestone ridge, and the other in the gravel of the river bed. In each 
case the salt discovered consisted of weathered lumps of pink Punjab 
salt that had been dropped either by men or from loads carried 
by camels of the supply convoy. There is no evidence of the exist¬ 
ence of salt in the area examin^. 

Petroleum. 
The area was very carefully examined with a view to the possibi¬ 

lity of petroliferous strata being present. The only Tertiary rocks 
present are the Nummulitics of the Palosina-Sagarzai area and the 
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SiwaJik conglomerates. The Siwalik conglomerates may be dis¬ 
missed at once as being entirely unsuitable for the storage of oil, 
as well as unlikely ever to have contained it. The small, faulted 
area of nummulitic rocks shows no trace of oil, and has not the 
structure necessary for its storage. Other than in the nummulitic 
rocks there is, practically speaking, no likelihood of oil occurring. 
Not only is there no trace of oil, therefore, but there is nowhere 
any exposure of rock where oil is likely to be found. 

Other Minerals. 
No traces of other minerals of economic value were found, nor 

is there any probability of any occurring. 

EXPLANATION OF PLATE. 

Plate 2.—(geological index map of South Waziristan. 
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LOCAUTY INDEX. 

1: Latitude (N).'Longitude(E) 

Ahnai Tangi . • 

1 

1 

. 1 
1 

Deg.3I»i. Sec Deg.Mm. Sec. 

32 28 0 1 70 2 26 

Aka, Khel • • • • 32 33 0 ' 69 o8 2o 

Band Khd . • 32 37 30 ' 69 49 0 

Bangiwak 32 32 47 G9 59 30 

BarariTangi . . 1 32 31 55 1 70 0 47 

Bwatoi . 32 35 16' 69 53 45 

Flathead left • 32 29 15 1 
1 

1 70 
I 

2 45 

G^a Khel* . 32 32 15 69 40 15 

Hines TazLgi . 32 19 35 70 9 20 

Inasar Toi • 32 24 45 70 3 (» 

Jandola • 32 20 25 70 7 0 

Kaniguram . • 1 1 32 
1 

31 15 
1 

69 
1 

47 0 

Karari\ram . 1 32 18 10 70 10 15 

Khajur Ijar . 
t 
' 32 19 30 1 ™ 9 30 

Kliiigi . 32 18 27 1 70 12 to 

Khtiza Sar . 32 24 30 
1 

70 6 0 

Ko'kai . • • • I 32 
( 

25 15 70 2 5 

Ladha • • • 

1 

32 

1 

33 55 69 50 20 
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'Latitude(N). Longitade(£). 
1 

Dcg.Miii, See. Deg.Min. Sec. 

Lai’elar . . • • • 29 60 69 44 30 

Lawats Tower . • • • 
1 
1 32 25 47 70 2 26 

Maldn . • 32 37 30 69 49 0 

Mandanua Kach 32 22 30 70 4 35 

Marobi . ' 32 36 0 69 62 0 

Miran Shah . 32 65 0 70 4 30 

Nai Each 32 23 5 70 4 0 

Palosina 32 23 4 70 5 0 

Piazha Eughza « « • 32 33 30 69 55 30 

Pii- Gal n • • 32 36 15 69 42 15 

Bazjnak . • • • 32 44 0 69 61 0 

Sagarzai 32 23 35 70 5 20 

Sarkai . . ! 32 21 30 70 5 35 

Shahur river « * « 32 20 0 70 5 0 

Sheranxa hills ♦ « • • ■ 31 40 0 70 10 0 

Shin Eonr • • • 32 33 50 60 57 30 

Shtiidar 0 « • 32 46 0 69 46 45 

Soraiogha • » 9 « 32 SO 50 70 1 45 

•Spermm Khajur Each « • « • 32 
1 

IS 30 70 12 0 

.Spinobilla • • # • • • * 32 55 0 69 46 30 
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Iiatitude (N). Longitude(E) 

Deg.Miix 
1 

See. DogJUn. Sec. 

Spinkamar ••«••• 32 44 0 69 47 0 

Tanda China . •••••• 32 36 40 ' ’ 69 50 30 

Trikh Kohnr Algad .32 31 20 ' 69 47 30 

Tochi valley . •••••• 32 67 0 69 30 0 
to 

70 30 0 



COREiaENDA. 

In the table of soctionB which accompanies Dr. Gr. do P. Cotter’s 
paper entitled ‘‘ A note on the Geology of Thayelmyo and neigli- 
bourhood including Padaukbin,” on page 114 of this volume, the 
following corrections should be made :— 

In the column showing the Minbu sequence, the words “ Kyot- 
u-bok beds with OrthopJiragmim miplialns ” should bo enclosed 
in brackets and should follow immediately after the words “Velates 
Beds ” and should be on a level with the words “ Yaw Shale” in the 
Pakokku section. Again the words “ Nwamataung sandstones ” 
in the Minbu section should be on a level with “ Pondaung Sand¬ 
stones ” in the Pakokku section. The space in the Minbu section 
level with the words “ Tabyin Clay ” in the Pakokku section may be 
left blank. In the Thayotmyo section the words “ OrtAopIiraffmina 
beds” should also bo on a level with the Yaw Shalo. 
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A Note on the Geology of Thayetmyo and 

Neighbourhood, including Padaukbin- By G. de 

P. Cotter, B.A., Sc. D. (Dub.), F.G.S., SuperlnUnd- 

ent. Geological Survey of India; with a map by the 
late H. S. BioN, B.Sc., F.G.S., ^Assistant Superin¬ 

tendent, Geological Survey of India. (With Plate 3.) 

WITH this paper is now published for the first time an unfinished 
map by my late friend and colleague, Mr. H. S. Bion, whose un¬ 

timely death from api^endicitis on June 6th 1915 left a gap in the ranks 
of the Geological Survey, that to those who remember him must 
remain unfilled. The map now published was found amongst his papers 
after his death, and he had no opportunity to revise it for publication ; 
certain of his boundaries he intended should be indicated as faulted 
boundaries, but the state of his field-map leaves some slight doubt 
as to which boundaries should be so regarded. I have endeavoured to 
represent the boundaries as I think he intended. In the neighbour¬ 
hood of Padaukbin I have added eight dips taken by myself during 
a visit in August 1921; otherwise the map is exactly as it was left 
by H. S, Bion. 

The area shown in the map forms part of the country mapped by 
W. Theobald^, but Theobald’s map is on too small a scale (8 miles= 
1 inch) to show, detail. The western part of Bion’s map has 
been mapped by Dr. M. Stuart, whose report on Padaukbin has 
been already published®. On comjjaring Bion’s map with that 
of M. Stuart, it will be observed that the boundary adopted as 
the base of the Irrawaddy series is different in each map, that 
of Bion being a considerably higher horizon. To ex^jlain this 
discrepancy it will be necessary to show how the revised boundary 
was adopted. 

In Stuart’s original paper®, and in his paper on the geology of 
Prome®, published in the same year, the following classification of 

1W. Theobald : Geology of Mem, OecH, Sar„ Ind,f X., p. 189. 
* M. Stuait; Becorrektion of Pegu System, ete. Bcc, Qed, 8vr. Ind*, XXXVlIli 

p. 271. 
> M. Stuact: Geology of Western Prome and Kama. Ibid*, p. 269. ^ 
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the Burma Tertiaries, founded mainly on Theobald's work, was 

adopted:— 

IeBAWABDY SEKIBS 

TeGU SEBIES 

{Upper fleshT^ ater deposits. 

Lower maiine deposits—Theobald’s Mogaung sands^. of 
AUamnyo, and his Turritella sands® ol the Pani valley 
S. W. of Padankhin. 

nUnoonformity. 
Kama clays. 
Upper Prome sandstones. 
Lower Prome sandstones. 

^Sitsayan shales. 

The classification of the Irrawaddy series into an upper fresh* 
water and a lower marine diyision followed the scheme recommended 
by Theobald. I may mention here that Mogaung is a village 3 miles 
N.IT.E. of AHanmyo, while the Pani stream passes to the S.W, of 
Padaukbin, and its nearest point is about 7 miles distant. Owing 
to the development of the geological map of Minbu, Magwe, and 
Pakokku districts in Ppper Burma in the years 1910 and 1911 it 
became clear that the greatest break in ITpper Burma in the Upper 
Tertiary sequence came at the base of the freshwater division of the 
Irrawaddy series as tabulated above; meanwhile Stuart while work¬ 
ing near Akauktaung in Henzada had obtained identifiable fossils 
from the horizon of the Mogaung sands®. These fossils appeared to 
represent the Burdigalian, (but E. Tredenburg has recently referred 
tiiem to the Pontian) and thus indicated that the Akauktaungs 
were more closely related to the Pegus than to the freshwater Irra¬ 
waddy beds. Stuart therefore proposed the name Akauktaung beds 
for the marine deposits between the freshwater Irrawaddy beds and 
the Kama clays; also after consultation with his colleagues, he 
grouped the Akauktaungs with the Pegus thus:— 

Ibbawabpx sebiss 

Pegu sebies 

. (Upper freshwater deposits of first classification.) 
/Almtiktaung beries (stratigraphical gap). 
J Kama clays. 

“ j 3?rome series. 
C Sitsayan shales. 

In passing I may notice that the stratigraphical gap below the 
Akauktaung series is a gap separating them from the ‘^Sitsayan 

^ Theobald: loe,, cit, p. 260. 
* Ibid,, p. 281. 
* M. StTiart: Geology of Henzada. See. OtcA, Sut, Ind,, XLl, p. 240. 
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shales, the Kama clays and the Prome series being missing. The 
Akauktaungs are nowhere in contact with the Kama clays . In the 
Thayetmyo distiict and in Prome certain beds formerly correlated 
by Stuart with the Akauktaimgs rest upon the Kama clays, according 
to Stuart unconformably. These latter beds however are regarded 
by Vredenburg as probably older than the Akauktaung beds and 
are called the Pyalo stage. The age of the Akauktaung beds is 
discussed at the close of this paper. 

The boundary adopted by H. S. Bion is the base of the fresh¬ 
water deposits which rest upon the Tumtella sands. This boundary 
agrees both with the boundary adopted in Upper Bunna, and with 
Stuart’s revked scheme as given above. While the revision adopted 
brings the ««ystcm of mapping used in Lower Burma into line with 
that of Upper Burma, it necessitates a modification of Theobald’s 
original scheme, thus :— 

Claf^bification oj Bmma Tciitaty Rocks. 

Theobald 1873, Stuart 1910 ....... Stuart 1012. 

. Irrawaddy series (freshwater). (Upper Thoshwator 
Fossil Wood aBOXJr-< 

SERIES . 

tJLowor Maiino (Mogaung sands). 

TCauaa clays .... 

Prome bods (section B) . . Pegu sbeius-^ 

'j L^jomo bods (section A) 

(^Sitsayan shales, . 

f Akauktaung beds. 

Kama clays. 

XJj)per Prome 
beds. 

Lower Prome 
beds. 

\Sitsayan shales. 

The revised boundary not only appears to be the same as that 
adopted by Pascoe and myself as the base of tbe Irrawaddy series 
in Ujjper Burma, but it has the advantage of being a more easily 
recognised horizon in the held. Like the IiTawaddy series of Westem 
Minbu,^ those deposits in Thayetmyo are largely gravels and 
gravelly sands, and may be easily distinguished from the more 
homogeneous and well-be^ed rocks below. The incoherence of the 
Irrawaddy series results in a oharacteristic type of scenery^ with 
thin and stunted vegetation. On the other hand, the TurrU^ 
sands and the Padaukbin clays below are covered with dense forest, 

^ 6. de P. Cotter: Pegu-Eoceno Saoceesion near ITgape; Bee. Oed. Sur. IfuL, XIS, p. 
221. 

> K. H. Pascoe: Oil^fiolds of Bnma; Mm. Qrd, Svr. Ind., XL, p. 7. 
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and ate concealed with a heavy soil-caps so that as a rule good 
exposures are rare. The scenery contrasts with that of the Irra¬ 
waddy beds in that it displays the usual dip and scarp structure* 
As a result of the rarity of exposures, it is in my opinion impossible 
to map accurately the junction between the base of the Turriiella 
sands and the Padaukbin clays beneath. The junction is in any 
case obscure, for while the sands contain intercalated clays (as 
may be seen in an exposure near the 9th mile and 5th furlong on the 
high road to Nath4), the clays beneath have frequent intercalated 
sandstones: the junction is therefore not a sharp one, nor is it 
marked by any surface features. Although it would be feasible to 
map such a junction in country like that near Singu and Yenangyat, 
where the rocks are well exposed, the task at Padaukbin seems 
to be extraordinarily difficult owing to the dense jungle and soil- 
cap. In the country where the Padaukbin clays are exposed, the 
high ground of the plateaux exhibits only exposures of sandstone, 
so that the geologist who examines this t}"pe of forest-clad country, 
may conclude (but erroneously) that the entire area is underlain by 
sandstone. On descending to an adjacent ravine, which in Burma, 
—a country of immature denudation—is deeply cut, he will find a 
preponderance of shale. 

Stuart, when he mapped Padaukbin in 1910, had not yet adopted 
the revised boundary between the Irrawaddy series and the Pegus; 
he had therefore to attempt the task of mapping the base of the 
Turritella sands in accordance with the scheme adopted by Theobald. 
His map however seems to indicate that he has included part of the 
Padaukbin clay division, where it outcrops on plateau country, in 
his marine Irrawaddy series {Turritella sands), while he has limited 
the outcrops of Padaukbin clay to ravine sections where a prepon¬ 
derance of clay is exposed. 

This very natural error in mapping the base of the Turriiella 
sands has led Stuart to conclude that these beds overlap the Padauk¬ 
bin clays unconformably. His map indicates that the sandstones 
extend across the crest of the Padaukbin anticline from west to 
east in the plateaux, while the Padaukbin clays are shown to out¬ 
crop only in the crestal area and in the ravines. Such a structure 
seems capable of explanation only in the manner explained by 
Stuart, viz, that an ovedap exists. The conclusion was supported 
by the fact that an unconformity had previously been found at the 
same horizon in Prome district by Stuart. 



Part 1.] Cotter : Uote on the Geology of Thayetmyo. lOT 

The true esplauation however in my opinion, and one which I 
understand Dr. Stuart himself now accepts^ is that the Tumtella 
sands are exposed only on the anticlinal flanks and do not occur on 
the cre&tal plateaux; the sandstones of the latter being intercalated 
sandstones of the Padaokbin clays which have pierced the soil-cap, 
while the clay (which ib really strongly in preponderance) lies com¬ 
pletely concealed, except in the ravines. 

This revision of the map no longer necessitates the assumption 
that there is any unconformity or overlap between the Tumtella 
sands and the Padaukbin clay beneath, and Stuart’s section given 
on plate 24 of the volume of the Records of the Geological Survey 
in which his paper is published^ requires emendation by making the 
Padaukbin clays dip jjarallel to the sandstones above. They thus 
show the same anticlinal curve as the sandstones. 

In the paper referred to^ Stuart frankly makes it clear that his 
theory of overlap results entirely from tracing the boundary between 
the sandstones and the shales, and is not supported by dip evidence, 
for he remarks (p. 271) ‘ These sandstones, which seem to lie oon* 
formably upon the Kama clays ’ (= Padaukbin clays) ‘ when seen 
in any individual section, are found on tracing their outcrop to 
overlap the Kama clays unconformably,’ 

Prom my examination of the country near Padaukbin, there is 
no doubt in my mind that Stuart’s observation as to the conformity 
in any actual section between the TurrifeUa sandstones and the 
Padaukbin clays is substantially correct. I have made many care¬ 
ful dip observations to corroborate this. 

An important feature of the Padaukbin clays is mentioned by 
Stuart (p. 273) where he states that while there is a definite anticline in 
the Turrilella sands (or ' Irrawaddy sandstones ’ as he termed them 
in 1910,—a term now no longer'applicable) the underlying Padauk- 
bin clays (‘Kama clays’) show ‘subordinate puckerings,’ which 
he considers obscure the definiteness of the anticline. The puckering 
in soft shale is apparently developed in the process of folding. The 
shale zone is overlain by massive sandstones; the greater rigidity 
of the latter has caused certain differential movements near the junc- 

^ During this year Dr. Stuart made a ii^ptug visit to Padaukhin, but had no time to 
work out the structure of the field; he has stat^ however that his original views of over¬ 
lap requite modification and I understand is in agreement with the emendation suggested 
above {G. de P, 0.) 

xxxvin. 
* TJid,, p. 271 a, seq. 



108 Records of the Geological Simey of hidia. [ Vol. LIV. 

tion of the shales and the s^andstone, whereby the shales have been 
slightly rolled, warped and crumpled. E. H. Pascoe gives an instance of 
local crumpling of this kind (associated in this instance with local 
unconformity as well), where contorted clays and sandstones are 
overlain by non-crompled horizontal beds at Yedwet^. I have also 
alluded to a similar occurrence in shales near the Yaw River^. 
The feature is termed ‘intercalated contoition’ by Geikie®, and 
is frequently met with in Burma in areas where sandstone and clay 

deposits have been folded. 
This warping is frequently observed in the Padaukbin clays, and 

as a result in the crestal area, where the dips are gentle, little reliance 
can be placed upon the actual angle and direction of each di]), since 
each dip will slightly vary from the true as the result of warp. To 
unravel the structure and ascertain the crest maxima, only average 
dips should be made use of. This however is hardly possible owing to 

the infrequency of exposures. 
It might be possible to determine the rise and fall of the crest 

by tracing out outcrops of sandstone and shale on a large scale map. 
TSo such large scale topographical maps exist however, while I have 
already shown above that the mapping of any bed is dif&cult in 

this forest-clad country. 
I am therefore unable in the absence of large-scale maps, to 

determine where the crest-maxima lie or the position of any crestal 
domes, if any such exist. The general conclusions to which I have 
come rSgaiding the Padaukbin anticline, as a result of my examina¬ 
tion and from the data on H. S. Bion’s map may be summarised as 

follows:— 

(1) There is an anticline both in the Padaukbin clays and in the 
sandstones above. The «fcwo formations are conformable, 
but owing to differential movement during folding, the 

clays show warping. 
(2) The anticline is a flat-topped asymmetric fold, with steep 

dips on the N. E. flank grading up to 70°, and with gentle 
dips on the S. W. flank averaging from 15° to 25°. The 
direction of the crest is about 40° W. of N., passing 
close to the intersected point 661 marked on the map, and 

^ E. H. Pascoe : Yedwet anticline; JRec. (hdl, Swt. Ind.^ XXXVI, p. 2S7, 
- G. de P. Cotter: Coal-seams of Taw River; JRec, Grd. Snr, Ind., XLIV, p 167 
^ Sir A. Geikie; Text-book of Geology, p. 637. 
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running N. W. past the western edge o! NgaUaingyen 
village. 

(3) I am unable to state anything about the northward exten¬ 
sion of the anticline north of Ngahlaingyen, nor the 
southward extension south of the high road. I cannot 
determine the position of maximum elevation of the 
crest. 

Padaukbin has long been known as an area from which oil was 
obtainable. Theobald^ in 1873 mentions the existence of ' square 
shafts’ (i.e., hand-dug wells) about 20 feet in depth, from which 
small quantities of oil had been obtained, but he states that the work 
had been abandoned. In 1885 E. Romanis^ states that at this 
time only three hand-dug wells out of seven were kept in repair, 
while one only was producing. There are two hand-dug wells in 
working order at the present time: the depth of one of these is 86 
cubits; small quantities of oil are periodically obtained. Noetling 
states® that the Burma Oil Company had several dfeep wxlls drilled 
at Padaukbin before they commenced to drill at Yenangyaung. 
Since boring for oil was first commenced at Yenangyaung in 1887, 
it appears that Padaukbin must have been first tested a little before 
this date. The Burma Oil Company eventually abandoned the field. 
Pascoe^ has the following note on Padaukbin :— 

‘ Several native wells have been dug in this place and small quantities of oil obtained. 
The Burma Oil Company have drilled eight or nine welU here and at Bambyin, but 
although oil and gas have been met with in nearly all, they have never been struck 
in paying quantities.' 

Recently howevei the Indo-Burma Oilfields (1920), Ltd., report 
that they have met with oil in one of their wells now being drilled to 
the north-west of the area originally tested by the Burma Oil Com¬ 
pany, and in quantities which they regard as promising. At the 
time of writing however (August 1921) I understand that the pre¬ 
liminary operation of cleaning, under-reaming down a larger bore 
pipe, and setting up pumping and storage apparatus is not yet 
complete, so that the actual figures of daily production are not 
available. 

I need make no comment upon Pascoe’s note on the field, except 
to observe (1) that, owing to the increased value of crude oil at the 

^ Op. ciU, p, 347. 
® B. Bomanis : Oil-wells and Coal-in Thayotmyo; Bee. Oeo7. Sur. Ind,, XVTII, p, 149,. 
« B. Noetling; Petroleum in Buima; Mem* ued. Sur. Ind.y XXVII, pp. 77, 246. 
*E. H. Pascoe; op. cif, p, 171. 
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weU-tead in the present day as compared with pre-war prices, the 
term “ paying (iuantities has considerably changed its meaning 
since he penned his Memoir, and (2) that the present Company is testing 
an area situated in a different part of the crest from that originally 
tested by the Burma Oil Company; it would therefore be unsound to 
deduce that the former results of drilling will be exactly repeated. I 
have however stated that I am unable to determine the position of 
the crest maxima, and I cannot therefore say which is the most 
favourable area. ISTothing but actual testing can after aU decide this. 

Having dealt with the structure of the Padaukbin area, attention 
may be drawn to the remarkable series of faults throughout the 
country mapped by H. S. Bion, whereby in many cases the Irrawaddy 
series are faulted down against the Pegus. These faults appear to 
belong to the category of fold-faults and seem to be connected with 
anticlinal folding in which one limb of the anticline collapses; but 
the origin of the structures is obscure, and the folding is highly 
complex, especially between Padaukbin and the Myinmagyitaung. 

It remains to discuss the age of the rocks exposed. Stuart has 
suggested that the Padaukbin clay is the equivalent of the Kama 
clay. Of the fossils he records from Padaukbin, the following 
belong to the Kama stage;— 

Leda virgo Martin; Corhala socidis Martin; Fici^a sp Xoetl. 
(=iPirula promensis Vred.) 

*Of the remaining fossils, all appear to have a wide range, except 
the curious form Lucina globulosa Desh. This form is known from 
the Miocene of Italy, and when Stuart wrote his paper it w^as con¬ 
sidered indicative of a Miocene age, which would support the view 
that these clays were the Kama horizon. Subsequently I found this 
species in Minbu at the horizon of the Padaung clay near the base 
of the Pegus. If then the Padaukbin clays are really Kama stage, 
Luci^ia globulosa Desh. must be assumed to have a wide range in 
Burma. The stratigraphical position of the Padaukbin clay beneath 
the TurrUella sands agrees with that of the Kama stage beneath the 
Mogaung sands as given by Theobald, and there is nothing beyond 
the presence of the species Lueina globulosa to invalidate the view 
that the Padaukbin clay is the Kama clay; certainty however will 
shortly, it is hoped, be obtained when the geological map of Thayet- 

^ Bet,, Ckril, 8^lrv, Ind., XLI, p. 222. 
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myo is completed. Stuart records the occurrence of Turritella 
aeuiicarinata Dunker {=T. angulata Sow.) from the sands above the 
Padaukbin clays {Turritella sands). 

A faima resembling the Singu fauna is found at Letpanzeik 5 
miles north of Thayetmyo^. Vredenbuig mentions three species 
from this locahty, viz. Surculafusus Vred.; Terebra quettensib Vred.; 
Tritonidea martiniana (Noetl.) If Vredenburg’s views of the dis¬ 
tribution of species are correct, this indicates the Singu stage, i.e. 
a horizon below the Kama stage. The next lower stage, the Padaung 
clays are also represented in this area by the beds containing Lefir 
docyolina theobaldi. The type locality of L. theobaldi is on the bank 
of the Irrawaddy close to and north of the Lime Hill.^ The locality 
was first discovered by Theobald between 1865 and 1872. Sub¬ 
sequently it was visited by E. Vredenburg in 3912-13, but a careful 
search failed to disclose the fossil-bed®, which according to Theobald 
is a hardish sandstone. 

The stratigraphical position of the Lej^ulocyclina Iheobcddi bed 
just north of the Lime Hill and Myinmagyitaung shows that these 
hills consist of strata lower in the sequence than the Padaung clay. 
Theobald has placed the Lime Hill in the Eocene (Nummulitic) 
group. I have written a short note upon the Lime Hill^, in which 
Theobald’s fossil evidence is discussed. A greyish pink limestone 
forms the crest of the hiU; this is the limestone regarded by 
Theobald as containing nummulites and therefore Eocene. 
Theobald’s own specimens of this limestone, and also some specimens 
brought by Kao Bahadur Sethu Kama Rau about 1910, contain 
lepidocyclines and not nummulites. A similar LejjidocycUna lime¬ 
stone in Henzada was mapped by Theobald as Niunmulitic, It is 
therefore clear that much of Theobald’s Nummulitic group is really 
Lower Pegu, provided of course wo attach an Eocene age, as Theobald 
obviously intended, to his Nummulitics. If, on the other hand, we 
abandon tho Eocene connotation, it might bo more consistent with 
Theobald’s scheme to include the Padaimg and Shwezetaw stages 
in the Nummulitic group; this course, however, would both intro¬ 
duce confusion into the now well established scheme of division of 

' E. Vredenburg: Nootling^a Tertiary fauna of Burma; 2?€C. OeoL Sw. /«<?., LI, 
p. 284. 

* W. Theobald: oji. ciU p. 275, whore the 2>pidocycIim is called an Orbitolite, 
® E. Vredenburg; op, cit^ p. 248. 
* G. do P, Cotter: Note on tho Limestone Hill near Thayetmyo; JJec. (kol» 8ur„ 

Jnd.» XLT., p, 328a 
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the Burma tertiaries, and enforce the mapping of what appears to 
be a vague boundary in Lower Burma. The Lime Hill then, may 
be ‘ Nummulitic ’ in Theobald’s original sense, although Oligocene, not 
Eocene; but, unless it contains Eocene strata below the Oligocene 
Lepidooyclina limestone, it must be placed entirely in the Pegus in 
accordance with our revised system of sub-division. The strata 
below the LepidocycUna limestone are described by E. Romanis^, 
as contaming coal-seams in hard blue shale, near the base of the 
exposed strata, and on the S. W. spur of the middle of the three 
hills which form the Myinmagyitaung (the Lime Hill being the east¬ 
erly). The blue shale above the coal is full of vegetable remains, 
and above this horizon the shales appear to be unfossiliferous, 
until the limestone capping of the hill range is reached. There is no 
evidence therefore that the shales are much older than the Lepido- 
cyclma limestone. If we place the latter in the Padaung stage, 
which appears most probable, then the shales below may perhaps 
represent the Shwezetaws. The presence of coal-seams would seem 
to suggest either the Shwezetaw sandstones or the Yaw stage^. 

The question is complicated by the occurrence amongst Theobald’s 
specimens of three species of Ortkophragmina (0. omphalus, 0. 
javanus, and 0, sp, indeL) of undoubted Eocene age. These three 
specimens are entered in the Museum fossil register as having come 
from the Lime HiU. They were collected by Theobald between 
1865 and 1872, when it was customary to store our collections in 
trays with loose paper labels. Although numbers were painted on 
the specimens some 30 years later it is possible that the labels had 
already become misplaced. It is strange that no Ortkophragmina 
have since been found on the Lime Hill by E. Romanis, by b. Eama 
Eau, nor by H. S. Bion. On the other hand H. S. Bion informed me 
that Ortkophragmina is extraordinarily abundant in the western 
part of Thayetmyo near Mindon. He also brought back specimens 
of Ortkophragmina with him vrhich exactly resembled those of 
Theobald. Since we know from Theobald’s memoir that he also 
visited this western region of the district, it seems possible that the 
true locality of these Ortkophragmina, reputed to have come from 
the Lime Hill, is in reality the west of the Thayetmyo district, 
where rocks of undoubted Eocene age occur. 

i R. Romanis : op, cit. 

A. K. Hallowes: Coal-seams of Arakan Yoma: Bee, Qedl, 8ur, Ind., LL, p. 34.. 
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We may regard the Myinmagyitaung and Lime Hill, therefore, as 
containing in its upper horizons the eqtdvalent of the Padanng 
clays (i.c. the Lepidocyclwa beds) and beneath probably the Shweze- 
taw stage, and possibly also the Yaws; but there are no fossils to 
indicate the age, and the evidence of coal-seams is very unreliable. 
For convenience I give a table below showing bhe correlation of the 
Thayetmyo sections with those of Pakokku, Minbu, Prome and 
Henzada. The table must bo regarded as provisional only. The 
Kyet-u-bok horizon was originally correlated by me^ with the 
Velates bed, but the dissimilarity of the fauna, coupled with the presence 
of Orthophragmina oynphalus (a Lutetian form from Borneo), and a large 
Campanile, suggest the Middle Eocene. Nevertheless it would appear 
that the Kyel-u-bok horizon is to be correlated with the Yaw stage, 
in spite of its apparent Middle Eocene affinities. The results 
obtained during the course of field mapping in South Minbu by 
Mr. E. L G. Clegg seem to prove that the Kyet-u-bok bed is high up in 
the Eocene, and probably at the top of the Yaw stage. We must there¬ 
fore be prepared to admit a wider range for such species as Orthophrag- 
mim omplmlm than formerly appeared probable to me from a consider^ 
ation of the work o£ fl. Douvill6 on the fauna of the Borneo Eocene. 

I have suggested that the Sitsayan shale of Prome and Henzada 
is possibly the representative not only of the Padaung clay of Minbu 
but of the Shwezetaw stage below. The Sitsayan shales are unfos- 
siliferous, and their age cannot be settled, except by the included 
LepidocijcUna limestone near then* upper limit in Henzada. This 
limestone probably is of Padaung age. The thickness of the foima- 
tion and the fact that the shales rest, according to Stuart, directly 
on the Eocene, would seem to suggest that their lower horizons 
extend downwards below the base of the Padaimg clay. Dr. Stuart 
has liihiself drawn attention (unpublished note) to the possibility 
that the Sitsayan shales arc not co-extensive with the Padaung clay, 
and my suggestion is in agreomont with his views. 

In the last column of the table 1 have given the stage names as 
finally shown by B. Vredenburg in his most recent paper on the 
Burmese sequence®. The stage-names are based for the Eocene 
and Lower Pegus on my own work, and that of the late H. S. Bion, 
in Pakokku and Minbu. For the Middle and Upper Pegus, the 
work of S. Kama Ban and M. Stuart forms the main basis. 

^ Bee, Qeot, Irtd,, XLI, p. 221. 
* E. Vredenburg; IStarme Fossils of Gajo Hills j Bee, Geol, Bw, Xnd,g LI, p. 303. 
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The stage name Si^sayan is perhaps open to objection, since at 
Sitsayan, the type locality, the shales appear to be barren and we 
do not know how far they extend in range as compared with the west 
Minbu section. I would suggest that the name be discarded and the 
name Padaung adopted,—a name already adopted by myself^ in 
consultation with G. H. Tipper and H. S. Bion for this horizon. 
It is true that in my paper on west Minbu^, I correlated the 
Padaung clay with the Sitsayan shale, but the correlation appears 
to me now to have been unwise. 

The basal beds of the Irrawaddy series are referred by G. E. 
Pilgrim* to the Pikermi stage or Upper Pontian ; the oyster species 
of the Akauktaungs on the other hand may indeed represent the 
incoming of the Pontian, but appear to be more suggestive of the 
Miocene than the Pliocene. 

I at present incline to the view that the Akauktaung oyster beds 
are pre-Irrawaddian, while the Irrawaddy series themselves only touch 
the Pontian in their basal beds, but are probably in the main 
Pliocene. 

The further consideration of this question may however be 
deferred until the geological map is extended further southwards, 
and further light is thrown on the correlation by field mapping. 

Perhaps too much stress has been laid upon the Pontian, and too 
little upon the Pliocene, age of the Irrawaddy series. In concluding 
this paper, it seems advisable to sum up the evidence in our 
possession regarding the age of the Irrawaddy series. A collection 
from the basal beds at Yenangyaung"^, has been shown by Pilgrim 
to contain a Dhok Pathan (Pikermi) or Upper Pontian fauna. 
The higher horizons of the Irrawaddies at Yenangyaung are 
sparsely fossiliferous, and the presence of Stegodon clijfi recorded 
by Pilgrim, and of Rhinoceros ^^sivcdensis by Pascoe may 
perhaps indicate a Tatrot horizon (Lower Pliocene) for the higher 
horizons. The fauna found by myself near Ohaingzauk in the 
Pakokku district^ is undoubtedly Tatrot in age, and indicates the 
Lower Pliocene. Further vertebrate evidence is wanting; the 
genera DoroaSierium^ Tdmcdodon^ Cadurcotkerium^ recorded from 

^ Q. de P. Ck>tt6r; Coal-seams of Yaw Biyer; Reo. Geot^ Swr* Ind,, XLIV, p. 167. 
» Op* cit 
9 G. E. Pilgcim.; Terdaty Ezeshwater Deposits of India; td, XL., p. X96, and 

Oorzelation of Siwaliks; id* jSLTSJ, p. 306. 
* E. H. Pasooe: op, cit, p. 66, and G. H. Pilgrim: op* cii* p. 196. 
» See Reo. Gool. fiur. Ind., XLV, p. 126. 
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Biinua by Pilgrim all come from tbe Pegu series. Tbe fossil Unionidce 
from the basal Irrawaddy beds in Thayetmyo district described by 
E. Vredenburg and B. Pershad^ are closely related to living Burmese 
species, while the single Melaniid found {Acrostoma variabUe) 
still living. Although the evidence is meagre, such as there 
favours the view that the bulk of the Irrawaddy series is Pliocene. 

1E. Vredenburg and B. Persbad: Umofiidce from the Miocene of Burma, Bee 
Qeol, Sur, Ind,, LT, p. 371. 

EXPLANATION OF PLATE. 

Plate 3.—Geological map of Padaukbin and Thayetmyo, Scale 1^=2 milea 
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The Occurrence of Bitumen* in Bombay Island. By 

C. S. Fox, B Sc., M.I.M.E., F.G.S., Assistant &npmn- 

tendant, Geological Survey of India. (With Plates 4 
and j.) 

Bombay island is one of a group of islands lying off the coast 
of the Konkan. It is now connected by causeways and 

breakwaters with the larger island of Salsette on the north and 
so continuously with the mainland of western India. On it is 
situated the city and port of Bombay. The island has an area 
of about 30 square miles and has the shape of a trapezoid (see map). 
It consists of a low lying plain about 11 miles long by 3 to 4 miles 
broad flanked by two parallel ridges of low hills. On the west are 
Malabar point, the Cumballa ridge, and Warli hill. To the east is 
Colaba point, the headland which protects the harbour from the 
force of the open sea, and several lesser hillocks which extend norths 
wards to Sion hUl. 

Geologically the island appears to consist of a conformable 
series of basaltic lava flows and interbedded sedimentary beds 
which dip gently 10° to 16° to the west and have a general strike 
of N. 10° E. to 9. 10° W. These rooks are well seen in the hills on 
each side of the island, whereas the central plain is covered with 
recent alluvial deposits. There are raised terraces of marine sedi- 
jnents 12 feet above sea level which indicate that large tracts of 
the western side of the island have been recently elevated from 
beneath the sea. Submerged forests have been discovered 40 feet 
below sea level on the eastern shore, thereby affording evidence 
that the eastern side of the island has been depressed within recent 
.times. 

An announcement was made in the Engineering Supplement of 
The Times of India of July 29th 1921 (page 4) to the effect that 
petroleum, mineral wax and bitumen had then quite recently been 
discovered within the municipal limits of the city of Bombay. It 
was stated that the locality, a road-metal quarry at Sewri, had been 

* In ibis pax^ the term IfUimen is used in its oompreZieQjdve sense in aocordanoe with 
‘‘which mineral pitch, ozokerite and petroleum are all regarded as varieties of bitumen# 
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vi ited and that the above mentioned substances were seen. The sug¬ 
gestion was also made that the Government of India should make 
a thorough examination of the neighbourhood and of the mainland 
east of Bombay ‘ even to the extent of making trial borings to a 
considerable depth.’ 

Asphalt h?d, however, been recoided from the same place, i. e., 
the basalt quarry behind Mackenzie’s Saw Mills due west of Sewri 
Fort, three years before (September 1918) when Sir Henry Hayden, 
then Director of the Geological Survey of India, had visited the 
locality and collected specimens from the quarry. He found that 
the asphalt occurred as a layer on the floor of a large, low-3 oofed 
cavity in a peculiar greenish dolerite. The sides and particularly 
the roof of the catuty were lined with crystals of various minerals, 
chiefly calcite, quartz and zeolites—all of common occuiTence in 
the geodes of the Deccan Trap of India. In addition, the whole 
inner surface of the cavity—floor, sides, roof and the faces of the 
encrusting crystals—was lightly coated with specks and chip-like 
fragments of hard, black, bituminous matter. 

T\Tiere did the bitumen come from ? Was it carried up with 
the basaltic lava as an essentia’ constituent from the plutonic 
magma ? Or did the dykes of dolerite break through coal-bearing 
beds, or through strata containing an abundance of aiiimal remains, 
as they forced their way to the earth's surface ? These w^ere the 
questions that presented themselves after Sir Henry Hayden’s 
visit. 

The probability of oil-bearing beds beneath the traps of Bombay 
had never been seriously entertained, for the simple reason that 
the basalts of the island, probably of Upper Cretaceous age, are 
much older than the Nummulitic (Eocene) beds of Surat and Kathia¬ 
war, whereas the petroleum horizons in India and Burma occur in 
Miocene strata of the Tertiary period. 

The possible existence of a hidden coalfield, buried under the 
traps of Western India, had long beem recognised. But, as this 
question was already receiving attention from the Great Indian 
Peninsula Eailway, there seemed to be nothing to do but wait until 
the results of the proposed boring at Bhusawal were available. 

The possibility that the presence of lenticular patches of coaly 
matter and of an abundance of frog remains, which were kmwn to 
occur in the interbedded sedimentary beds of Warli and elsewhere, 
might offer an explanation was not examined owing to the assump-- 
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tion, based on previous careful mapping, that the traps were simple 
lava flows. 

The Times of India report of fresh discoveries of bitumen— 
asphalt, mineral-wax and petroleum—in the Sewri quariy was 
therefore very \\elcome. It was thought that perhaps ne'w clues 
might be obtained which would help to elucidate the problem. 
At the time that the announcement was made in the papers, I was 
under orders to proceed to London on deputation and had already 
arranged to leave from Bombay. I was asked to investigate the 
matter before embarking. The following observations and con¬ 
clusions are based on my examination of the newly expobcd cavities 
in Sewri quarry and on visits to certain geological sections , pon 
which the interpretation of the tiue structure of the island appeared 
to me to depend. Although the investigation of ihc Sewri quarry 
did not take long, I would not, in the time at my disposal, have 
been able to check Wynne’s wonderfully accurate map without 
the assi tance of Mr. J. W. Mackison, the Engineer-In-Chief of the 
Bombay Municipality, who, knowing every road and corner of the 
island, took me to all the exposures I wanted to see—including the 
Port Trust quarries at Anik on the west side of Trombay Island. 

The Bitumen and its Mode of Occurrence in the Sewri Quarry. 

The accompanying photographs give an idea of the size of the newly 
opened cavities. The quairy is being worked in a single rock- 
mass of a peculiar, greenish dolerite. This material has been foimd 
sufficiently hard and tough to make an excellent road-metal. The 
xfick is jointed and has a rough-bedded appearance owing to the 
preponderant development of discontinuous horizontal joints. The 
irregular joint-planes have a distinct slope or dip to the west at 
low angles. All the cavities are found in a small area of the quarry 
■—along a north and south strip 160 feet long by 30 feet wide. The 
largest cavity, that of 1918, was uppermost and the new ones occur 
at various levels below it. The vertical height from the roof of the 
big (1918) cavity to the floor of the lowest at present seen would 
not exceed 15 to 20 feet. The big cavity has unfoitunately been 
destroyed but its size is stated to have been 20 feet wide, 30 feet 
deep (long) and 8 feet high under the crown of the dome. The 
recently exposed cavities are much smallefir, and are said to have 
been full of water. In one instance this water is known to have 
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been saline; but little importance can be attached to this point, 
as the sea is barely half a mile away and not at a very much lower 
level. 

The cavities have a certain feature in common—^their floors are 
generally plane surfaces which dip gently to the west—so that the 
solid, black bitumen is found accumulated as a layer on the dip 
side. Sections along the strike and parallel to the dip of a cavity 
are shown in Figs. 1 and 2. The internal structure is similar to the 

GRECNISH DOLERITE 

largej'one already described. The sides and roof and the surface of 
the bitumen on the floor are encrusted with crystals of calcite, quartz 
and various zeolites. Occasionally, beautiful, little, doubly-ter¬ 
minated, quartz crystals are found on the surface of the bitumen 
on the floor. Sprinkled over the whole encrusted surface there are 
specks and tiny fragments of solid black bitumem 
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On the surface of the asphalt from a cavity immediately below 
the site of the large one there were a few clotted patches of mineral- 
wax, while from the lowest cavity both mineral-wax (ozokerite) 
and thick liquid petroleum were found on the surface of the asphalt. 
The liquid petroleum had become quite viscous when I saw the 
specimens. These samples were unfortunately collected without due 
regard to their mode of occurrence in the cavity and the accounts 
I received on the ground tended to confuse the problem at issue. 
It was difficult to make certain if the ozokerite and petroleum were 
floating on the water when the cavity was first opened. It is certain 
that these substances were collected from the floor when the water 
drained away. 

According to an examination of specimens from the top cavity 
made by Dr. W. A. K. Christie the pitch is amorphous and in thin 
section quite structoeless; its fracture is usually conchoidal but 
sometimes remarkably plane. The hardness is about 2—^that of 
some pieces is slightly less than 2, that of others greater but less 
than 2*6. It is quite brittle. The specific gravity is 1*090 (2^). 

The lustre is vitreous to dull. The colour is black, but delicate 
surface films of limonitic material impart various colours to it, 
mostly pale yellow to brown, but occasionally green or whitish and 
sometimes beautifully iridescent embracing all the colours of the 
spectrum. The streak is also blacky It is not a homogeneous sub¬ 
stance, part of it being soluble in carbon disulphide and part not. 
It is infusible at 1700° C. It burns easily in air with a smoky 
flame and the resulting ash consists largely of feriic oxides. Heated 
in a neutral atmosphere the pitch gives a sligb t brownish distillate; 
otherwise it is non-volatile. 

The pitch contains : 

Per cent. 

C .88-15 
H .5-20 
0 (by difference) .   4*01 
N.  1-04 
S. 0-32 
Moisttire 0*58 
Ash^.0-70 

100-00 

^ Mainly fenio oxide-Hdlioa 0*18 per cent. 
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The most acceptable view^ regarding the formation of petroleum 
is that certain forms, chiefly aquatic types, ©f vegetable and animal 
matter, when decaying by putrefaction or fermentation, become 
subject to bacterial action whereby the cellulose in the plants and 
the albumen (nitrogenous tissues) of the animals are attacked and 
eliminated, while the fatty matters at first remain; that subse¬ 
quently, by saponification of these glycerides, free fatty acids are 
produced and the waxy esters are more or less hydrolysed; and 
that at a later stage carbon dioxide is given ofl from the fatty acids 
and esters and finally the petroleum is formed. Although the 
processes involved in the various stages of petroleum formation 
appear to take place exceedingly slowly in nature they do not 
require great pressures or high temperatures to promote their 
reactions. The essential product is petroleum and it is from this 
liquid that natural gases are given off and, if it is exposed to 
slow evaporation and atmospheric oxidation, mineral-wax (ozo¬ 
kerite, etc.) and asphalt may be left as residual products of the 
petroleum. This view obviously implies that the formation of 
jetroleum takes place in the rocks in which the organic remains 
were originally entombed. 

The evidence in the quarry pointed to the hydrocarbon having 
been included in the dolerite while the latter was in a plastic hot 
condition and suggested that the original, organic, bituminous matter 
had evidently suffered some degree of distillation—the various cavities 
representing bubbles or pockets in which the evolved gases had 
accumulated. The presence of unescaped gas bubbles as large as 
that of the big cavity, a volume of roughly 1,000 cubic feet, appeared 
difficult of explanation in a supposed lava flow. It would have 
seemed more natural for the gas bubbles to rise to the surface 
of the molten lava and eventually to escape, e'ther into the air 
or into the sea according to whether the flow was of subaerial or 
su^ marine type. Did the lava become so viscous as it spread over 
the surface of the ground, or sea bottom, that even large bubbles 
of gas could not escape ? Or is the dolerite of Sewri part of a sill ? 

Dr. H. J. Carter {Journ. Bomhay Branch, Roy. As. Soc., Vol. IV, 
p. 161, 1852) had definitely pointed to the occurrence of a sill-like 
sheet of basalt among the strata of Bombay Island, and Dr. Buist 
{Trans. Bombay Geogr. Soc., Vol. X, p. 167, 1861) had given sketches, 

^See ‘A Treatise oq Petroleum* by Sir Boverton Eedwood, Vol. I, pp. 347-363, 
1AOO IjU.. ** ' 
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particularly of sections in and around Sewri, shewing that the re¬ 
lationship between the basalt and the fresh-water sedimentary 
beds was of an intrusive nature. However, Bombay Island was 
geologically mapped in detail in 1863, nearly 60 years ago, by Mr. 
A. B. Wynne of the Geological Survey of India who found he could 
not agree with Dr. Carter’s views regarding the occurrence of in¬ 
tercalated intrusive trap in the bedded series of rocks of Bombay 
Island. He states, carefully choosing his words, that ^ the whole 
island presents an ascending series of stratified deposits commencing 
with the black basaltic rock of Seoree (SeOTi) on the east, succeeded 
by .traps and shales . and terminated by the 
basaltic beds of Malabar ridge and Wurlee (Warli) . and this 
interpretation is not the less likely to be correct on account of its 
simplicity.’ (See Mem. Geol., Surv. Ind., Vol. V, p. 185, 1864.) 

Was Wynne mistaken by the apparently confoimable aspect 
of the strata and not fully alive to the possibility of a sill I 

Visit to Various Exposures in the Island. 
Wynne regarded the remarkable black, felsitic rock seen at 

Sewri Fort, in Cross Island and on Antop hill, and said to occur far¬ 
ther north in the vicinity of Vehar lake (Salsette), as the basal sheet 
of the Bombay series. The exceedingly fine texture, glass hardness 
and colour of this rock is quite unlike the dolerite of the Sewri 
quarry. In some respects, particularly chemical composition, fine 
texture and great hardness, the Sewri Fort rock closely resembles 
the lava capping Golangi hill (west of Sewri) and the trap on the 
hills of Malabar ridge, Cumballa hill and Warli, on the west of 
island. The following analyses are remarkable both for their simi¬ 
larity with each other and exceptional composition as regards the 
normal basalts of the Deccan volcanic period :— 

SiO, . 
I 

61-60 
II 

69*80 
Alj 0, . 27*12 22*76 

O3 . 2*12 4*92 
FeO . 4*60 6*88 

CaO . 2*10 1*80 
%0 . ... 
£2 0 . * trace 2*60 
Naa 0 . • • 
H2 0 «ad oiganio matter 

.5 
2*46 2*36 

I. Specimen from Sewri Xort, analysis by A. B. Wynne, GeoL Surv. Office, Calcutta, 
n. Specimen from upper basaltio rook of Malabar bai» analysis by A. Tween, Gfeol* 

Snrv. Office, Calcutta. 
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The rock exposed ill Nowroji hill quarry is, however, very similar 
to the dolerite of the Sewri quarry, but it has this peculiar feature; 
it is found to contain occasionally included fragments of sedimentary 
rock—some of the pieces being as big as a man’s fist. Similar in¬ 
cluded fragments of sedimentary material are also found in the 
lower trap of the Golangi hill quarry. This quarry, which lies less 
than half a mile to the west of the Sewri quarry, is of importance. 
In it is seen a much-fissured, greenish, doleritic basalt which is 
overlain by a hard, black trap not unlike the upper traps of Malabar 
hill, AYarli, etc. The lower trap of Golangi hill is well known for 
the nests of beautifol zeolite crystals which are found in it (and it 
also contains calcite crystals having scalenohedral faces with a 
development of the basal plane—a combination which results in 
forms of a barrel-shaped habit). Although the upper trap directly 
overlies the lower trap in this quarry the actual contact is not 
clearly seen and occasional thin laminae of sedimentary strata 
further confuse the section. However, outside the limits of the 
quarry, both to the north and to the so th, well developed sections 
of fresh-water sedimentary beds are exposed, evidently on the 
same line of strike, in a manner suggestive of the sedimentary rock 
liaving been eliminated from th§ quarry section. A closer exami¬ 
nation of the junction of the two traps in the quarry section shows 
that the one does not merely overlie a weathered surface of the 
lower—there is evidence of disturbance. 

On the western side of the island there are also two well marked 
sheets of trap, but wherever these are seen, as in Malabar hill, 
Cumballa ridge or the high ground of TTarli, there is always a thick 
group (40 feet or so) of fossiliferous, fresh-water, sedimentary beds 
between them. As has been said before, the upper trap is very 
like the overlying rock of Golangi hill and has the remarkable 
composition of an acid intermediate type of rock. It weathers 
very well and rings when struck with a hammer like a phonolite. 
It is not used for road metal owing to the glass-like sharpness 
of the angular fragments. The texture though micro-crystalline 
in the lower part of the trap, becomes more coarsely crystalline 
when followed upward in section. The high silica and alumina 
content make it, owing to low alkali percentage, an excep¬ 
tional type of acid intermediate rock—possibly in some way 
related to the intrusive nepheline-syenites of Girnar hill in 
Kathiawar. 
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The junction of the upper trap with the underlying sedimentary 
beds is not clear in any of the sections I saw and it is difficult to 
say whether it is a subaerial or submarine lava flow or whether 
it is intrusive. The lower trap on the other hand, though much 
fissured and veined and silicified, has certainly disturbed the sedi¬ 
mentary strata above it. These beds are frequently buckled and 
crushed—sometimes dipping to north-west and in a few yards found 
to dip to the south-east. Further, the lower trap of the 
Warli section near Love Grove is very like the lower trap of 
Golangi hill, and I would have little hesitation in correlating 
them as part of a single sheet. It is true that in the exposures 
where the lower trap and the sedimentary beds are seen in contact 
the intrusive relationship of the former is not perfectly clear, but 
the whole evidence is decidedly in favour of the lower trap being an 
intrusive sill. However, if definite evidence of the existence of an 
intrusive trap is wanted, it can be supplied in the trap quarries of 
Anik, only miles as the crow flies east-north-east of Sewri. 
Two dykes are very well seen in these quarries: one, striking 
north 5® west to south 6° east is a great mass of coarse, 
greenish, pyritiferous dolerite; the other, striking north 25° east 
to south 26° west is a composite dyke of basalt. These dykes are 
closer to Sewri than the exposures at the Love Grove sluices at 
the south end of Warli hill. I am of the opinion that, although 
Wynne’s mapping of the exposed rocks of Bombay island is correct, 
his deductions based on a belief in a simple conformable series, are 
not. I find myself in agreement with Dr. Carter’s conclusions 
regarding the basalts of Malabar ridge and the Warli hills, that 
‘ there was a second effusion, which coming up under the first, 
and not fibading a ready outlet, followed the coui’sc of the fresh¬ 
water strata below it, iiitercalating them and breaking them up 
into all sized fragments.^ [Of. p. 47.] 

Evidence of Tectonic Disturbance. 
In accepting the view that the dolerite of Sewii quarry and 

Nowroji hill is part of the same sheet as tjje lower traps of Golangi 
hill and the hills of Malabar, Cumballa and Warli, and that the 
upper traps of the west of the island are represented on the east 
by the outlier on Golangi hill, we are confronted with a serious 
difficulty. The dips and strikes of the rocks seen on the west oj 
the island would, H an imaginary trace of the strata were continued 
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into the air eastward, take the same beds some hundreds of feet 
above the top of Golangi hill! Therefore my conclusions are either 
wrong or must invoke a north and south line of folding or faulting 
down the middle of the island. There is no indication of the exist¬ 
ence of folding, but there is much evidence in favour of a relative 
displacement of the rocks on each of the island. 

In his paper (See Rec. Geol. Surv. Ind, Vol. XLIX, p. 214, 
1919) Mr. T. D. La Touche says ‘ it had been shown by 
Dr. Buist {Trans, Bom, Geog, Soc,, Vol. X, p. 179) that a raised 
beach, composed of shelly gravel partly consolidated into a littoral 
concrete, is found at many places on the western side of the island, 
extending to a height of 12 feet above high water mark.’ Further, 
Mr. La Touche goes on to say that ‘ The existence of a number of 
forest trees (Khair, Acacia catechu) was brought to light during the 
excavation of the Prince’s dock on the eastern side of Bombay 
island about the year 1878 ’; also that fresh discoveries of trees 
were*made in 1910 during the construction of Alexandra dock. Here, 
‘ the depth below high water mark of the rock surface on which 
the trees found at Alexandra dock were rooted is about 40 feet.’ 
It is evident therefore that in a distance of 4 miles from east to west 
across the island there is an area of elevation in close proximity 
to an equally well authenticated region of very recent depression. 
The whole island has either been tilted along a north and south 
axis so that the western side has been elevated more than 12 feet 
and the eastern side submerged at least 40 feet, or this deplacement 
of upwards of 52 feet, is due to a relative movement of the rocks 
on each side of a northward trending faxdt. That tectonic move¬ 
ments have taken place in western India is well known. A de¬ 
pression in the Eunn of Cutch was caused by the disturbance of 
an earthquake as recently as 1819. However, the mere tilting of 
the island would not account for the discontinuity in the ti‘ace of 
the beds from the Warli ridge over the low ground of Parel and 
BycuUa to the exposures of Golangi hill and Sewri. That faulting 
is not absent in Bombay is shown by Wynne himself who marks 
on his map an east and west fault north of Antop hill. The pre¬ 
sence of a great fault, out at sea, parallel to the west coast of India 
has long been suspected and it is well known that the hot-springs, 
which occur at intervals along the coastal strip of the Konkan from 
south of Eatnagiri to north of Bombay, lie on a remarkably straight 
line indicative of a band of fracture. 
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Origin of the Bitumen. 
The circumstantial evidence is very strongly in favour of the 

structure of Bombay island being due to the faulting of a single 
group of bedded rocks which consist of an intrusive sill of dolerite, 
a series of fresh-water sedimentary beds with abundant plant and 
animal remains, and an overlying mass of trachytic trap. Once 
this structure is admitted there is no need to speculate on the pos¬ 
sibility of coal or oil bearing strata beneath the traps of Bombay. 
All the facts can be accounted for from the evidence available in 
the fofesiliferous, fresh-water, sedimentary beds. These beds are 
known to be missing from the section seen in the Golangi hill quarry 
and it is considered that their absence is not due to lack of deposi¬ 
tion, but to their subsequent local removal by the intrusion of the 
lower trap, as this mass of molten rock forced its way along the 
horizon of the sedimentary beds. 

The best exposed section, a thickness of over 30 feet, of these 
fresh-water strata is seen at the south-west end of the Warli ridge 
just north of the Love Grove pumping station. Several observers 
have noted the lenticular patches oi bright coaly matter in the 
upper part of the beds, and the frog beds of the lowest part of the 
section are of course well known everywhere. Carter actually 
marked the word ‘ coal ’ on his map in this vicinity and subse¬ 
quent writers have spoken of the abimdance of carbonaceous matter 
in the upper part of the sedimentary beds. This coal ’ although 
bright and hard and of the appearance of anthracite burns easily 
in air wdth a smoky flame and great intumescence. 

J. Eibeiro {Journ- Bom. Nat. Hist. Soc., Vol. XXVII, p. 686, 
1921) in a paper full of observant information describes the lower 
part, the trog-beds, of the Warli section as follows:— * Imme¬ 
diately resting on the lower trap there is a layer about 3 or 4 inches 
thick of a very dark coloured shale in a good state of preservation 
which splits into very thin laminse. It consists of an extremely 
fine sediment, so fine that when held against the sunlight it gives 
out iridescent colours. When wetted and exposed to the sun it 
emits a strong smell of naphta. This is more pronounced in a 
newly broken rock and the quarrymen are quite aware of it. This 
naphthous smell is probably the result of the large amount of organic 
matter incorporated in the shale.’ 

These and many other similar observations are very significant 
when it is known that the total quantity of asphalt and other bitu- 
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minous matter taken from tke several cavities so far exposed is 
trifling—an amount not exceeding 5 cwts. This quantity could 
be easily accounted for as having come from the mass of the sedi¬ 
mentary beds which axe missing from the Golangi hill section, as¬ 
suming that these beds had as much organic matter present in them as 
is known to occur in the Warli section. With these points in view 
it is quite unnecessary to speculate on vague sources for the origin 
of the bitumen. The occurrence is of great scientific interest but 
unfortunately it holds no potentialities of an important commercial 
nature. j 

EXPLANATION OF PLATES. 

Plate 4.—Map of Bombay Island sho^ring locality for Bitumen. Scale mile. 
„ 5. Pig. 1,—Quarry at Warli Hill, Bombay, showing trog beds. 

„ 2.—Cavities containing bitumen, at Sewri, Bombay. 

OALCursik: sbxhtbd vx sxtpdt. govt. paiNTma, mnu, 8, h&sxxngs sibbbt. 
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although admittedly not entirely satisfactory, is still the best that 
can be devised under present conditions. As the methods of collect¬ 
ing the returns become more precise and the machinery employed 

B 
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for the purpose more efficient, the number of minerals included in 
class I—^for which approximately trustworthy annual returns are 
available—^increases, and it is hoped that before long the minerals 
of class II—^for which regularly recurring and full particulars cannot 
be procured—wiU be reduced to a very small number. In the case 
of minerals still exploited chiefly by primitive native methods, and 
thus forming the basis of an industry carried on by a large number 
of persons each worldng independently and on a very small scale, 
the collection of reliable statistics is impossible, but the total error 
from year to year is not improbably approximately constant and the 
figures obtained may be accepted as a fairly reliable index to the 
general trend of the industry. In the case of gold, the small indi¬ 
genous alluvial industry contributes such an insignificant portion to 
the total outturn that any error from this source may be regarded 
as negligible. 

In the previous Review the statement of values of the Indian 
Mineral Production for the year under review and for the preceding 
year was drawn up for purposes of comparison on the basis of an 
exchange value of the rupee at 2s. in each year, although this figure 
applied in practice only to the year 1920. With the great fall of 
the value of the rupee during 1921, it has become impossible to 
maintain this method of comparison, and the values shown in 
table 1 of the present Review are given on the basis of the actual 
average exchange values of the rupee for each year. For the sake 
of completeness, the values of the mineral production for 1919 have 
also been recalculated on the basis of the actual value of ths rupee 
for that year. In the year 1919, ths highest value reached was 
2s. and the lowest Is. SH-d., the actual average value of the 
rupee during the year being Is. ; for purposes of calculation, 
a value of Is, 8|d!., corresponding to Rs. 11-5 to the £, has been 
adopted. In 1920, the highest value reached was 2s. lOjfZ., and 
the lowest value Is. 4|d., the actual average value during the year 
being 2s. ; the value of 2s. has been adopted in the table. 
In 1921, the highest value reached was Is. 6Jd. and the lowest Is. 
2^d., the actual average value of the rupee during the year being 
Is. and the value of Is. id. has been adopted. With these 
rates of exchange the total production of 1921 shows a decrease 
in value compared with 1920 of £8,232,930 or 27’3 per cent, 
as contrasted with an increase in 1920 compared with 1919 of 
£ 5,282,130 or 21’3 per cent. Decreases in value during 1921 were 
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sliown by all the metals and minerals produced, with the exception 
of iron-ore and a few unimportant minor mineral products. The 
largest percentage decreases amongst important minerals are shown 
by wolfram, mica, tin, manganese, chromite, and salt. These changes 
in value are, of course, an expression in part of the great varia¬ 
tion in the prices of metals and ores in the world’s markets, due 
first to the boom that followed immediately on the cessation of 
the war, and then to the succeeding and still existing period of 
depression, and in part of variations in the quantities produced, due 
partly to the variations in market price. It is interesting to compare 
in the figures of total value recorded in table 1 with the variations 
in the average annual value of the leading metals in the world’s 
markets as summarised in table 2. 

The number of mineral concessions granted during the year 
amounted to 651 as against 652 in the preceding year; of these 4 
were exploring licenses, 563 were pro-ipecting licenses, and 84 wore 
mining leases. 

Table 1.—Total Valm of Minerals for which returns of Production 
are available for the years 1919, 1920 and 1921, 

1919. 
(Rupee 

= le. eid.) 

1920, 
(Rupee 
=2s.) 

1921. 
(Rupee 
~li. 4t/.) 

Incroaso. 

1 

Dccrca^ e. 

. 

1 1 
-
-
-
 

- 

£ £ e £ 
Ooal . 8,T99,S33 9,297,833 8,873,377 021,470 —7*2 
Petroleum . 7,2^2,951 7,954,082 6,(H)3,07,> 2,3’;0,U37 - 29-0 

Gold . 2,137,708 2.73:l.n3 2,030,370 tf A* 082,380 -230 
n!aaiganese-orc(u). 1,841.034 3,380,072 1,337,008 2.010,001 -r>7.i 

Lead and lead-ore . | 5S1,437 973,937 781,380 191,341 -19*0 
Salt . 1,583,071 1,440,409 742,147 704,282 -18-7 

Silver . 409,780 813,109 503,008 230J 01 1—29*7 
Mioa{a) 750,824 1,005,438 420,274 (>39,104 —00-U 

Building materials 379,289 434,750 422,219 32,331 —7*1 
Saltpetre 1 409,780 ’ 390,854 357,032 233,822 —39*6 

Tin and tin-ore . 1 218,904 325,0^6 162,770 182,856 —59*4 
Iron-ore I 89,902 118,163 140,565 22iS92 ... 4-18*0 

Carded over '23,900,223 
I 

29,391,948 21,493,587 22,392 
1 H 

B 2 

(a) Ba:port values. 
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Table 1,—Toted Value of Minerals for which returns of Production 
are available for the years 1919, 1920 and 1921—contd. 

— 
1 1919 

(Rupee 
= la. 8}d‘) 

1920 
(Rupee 
= 29.) 

1921 
(Rupee 

= 19. 4<f.) , 
Increase. De rease. 

Vana- 
tien 
per 

cent. 

1 

1 

£ £ £ 1 £ £ 

BrougLti iotwaxd . 23,900,223 29,391.948 21,493,537 22,392 7,920,753 ... 

Jadeite(a) , 75,742 180,728 120.533 ‘ 34,193 —29*9 
Euby, sapphire i 

and spmel. , 
93,989 01,982 50,165 1 

1 
... 11.817 —19*1 

Gays . 43.451 40,812 , 37,378 ' 3,434 —8*4 
Chromite 77,151 79,970 ; 36,492 ... 43,178 —54*3 

Copper-ore • 45,579 1 42,250 32,560 9,090 —22*8 
Monazite • i o2,t93 ' 49.231 

1 
30,959 ... 18,272 —37*1 

Tungbten-ore 
1 

453,212 1 139.707 20,292 110,416 —79-0 
Iklagne^ite . 17.135 17,216 j 15,632 ... 1,584 -~9-2 

Steatite . 5.030 ' 10,585 3,880 4,703 -44*4 
Diamonds . 18,109 4,123 4.865 740 + 17-9 

Alum 4,171 7,320 4,293 3,027 —41-3 
Barj tes l,3o i 1.553 3,4S5 1,932 + 124*4 

Bauxite • 1,682 5.331 3,280 2,ori —3^>*5 
Gypsum - 2,494 > 3,693 2,267 1 1 - I 1,420 —38*0 

Ochre . , 3,130 5,350 2.174 3,162 —j94 
Aquamarine and ... 1,225 1,274 49 +4*0 

Amber , 530 1,6C6 1.123 543 —32*6 
Fuller’s, earth t •«« j 900 "9GC ... ... 

Ashesto* 1,440 7,272 884 6,388 -87*8 
Apatite ... ... 

1 
*231 ... ... 

Antimony-ore 177 40 70 30 1 + <t)*0 
Corundnm - . 4,049 j » 575 55 ... ‘*520 — 81*7 

Graphite 713 1 5C0 52 608 —00*7 
Soda . 1 ... 24 24 ... ... 

Mclybdonile 88 19 13 6 —31*6 
P clash. 37 23 ... 23 ... 
Samar^kite . 9 12 » — ... 

1 
... 

Total m 1 24,803,540 39,053;10121,883,536 26,364 t 8,196,029 
'-^^ 

-8,169,665 

27*3 

(a) Bs:poiri Tralaes. 
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Table 2.—Average Prices in the United Kingdom of Principal Metals 
and Ores during 1919, 1920 and 1921.* 

— 1919. 1920 1921. 

Copper^ standard .... 
Lend, pig, soft foreign . 
Spelter, ordinary .... 
Till, standard .... 
Pig~iron, Cleveland toundiy No. 3 . 
Steel, heavy rails .... 
Ferro-manganese .... 

£ per ton. 

92*29 
27-96 
42-41 

253-17 
6-84 

(a) 
2o*o 

£ per ton. 

99-78 
39-31 
46-61 

299-9 
10*53 
23*04 
34*58 

a 
£ per ton. 

09*69 
22-69 
2b-06 

106-02 
6-89 

15-62 
20-37 

Gold, fine, per ounce 
Silver, standard, per ounce . 

8^-954 
37-709d. 

fl£-960s£ 
Ol-SOOd. 

107-041«ft. 
36-80d. 

Ores— 
Ohromite, 48-31%, per ton 
Manganese-ore, first grade, per unit 
Wolfram, per unit " . 

£9-4 
sod. 
ZZ-i,h. 

£8*7 
45d. 
28*52sA. 

£4*59 
17d. 
13*965A. 

* Compiled mainly from the Mining Journal and the Iron and Coal Trades Review. 
(^) Not available. 
(b) Eoyal Mint price. 

Clii’omite. 
Coal. 
Copper. 
Diamonds. 

II.—MINERALS OF GROUP I. 

Gold. 
Graphite. 
lion. 
Jadeite. 

Lead. 
Magnesite. 
Manganese. 
Moa. 

Monazite. 
Petroleum, 
Ruby, {Sapphire 

and Spinel. 

Salt. 
Saltpetre. 
Silver. 
Tin. 
Tungsten. 

hromite. 

The continued decrease in the output of chromite during the 
years 1919 and 1920 from the peak production of 1918 was not 
continued in 1921, when there was an increase in output of nearly 
8,000 tons over the previous year, the output for Baluchistan beu^ 
the maximum on record. 
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Table 3.—Quantity and Talue of Chromite produced in India during 
19Z0 and 1921. 

1920. 1921. 

Quantity, | Value. 
(Rupoe=2fi.) 

Quantity. Value. 
(Rupee—Is. 4e?.) 

Baluchistan— 
Tons. 1 

1 
Rs. £ Tons. 1 ! £ 

Zhob 

Bihar d Of hsa— 

20,677 i 

1 

6,68,744 

1 

66,875 i 
1 
i 

25,122 3,76,826 25,122 

Singhbhum . 

Mysore— 

2,646 , 1 67,394 

1 

5,739 2,606 62,010 3,507 

Ha&'san . 3,400 68,000 6,800 6,486 116,748 7,783 
Mysore . 278 1 5,660 556 549 

1 

1,198 80 

Total 26,801 1 547,382 36,492 

Coal. 
In contrast to public expectation, there was an increase during 

the year of over 1,300,000 tons, or somewhat over 7 per cent., in 
the output of coal. This increase was due largely to Bihar and 
Orifcsa and the Central Provinces, but all the other provinces show 
increase®, with the exception of Assam and Hyderabad, which 
show small decreases. The considerable increase shown by Bihar 
and OrKsa was due chiefly to the Jharia and Bokaro flelds, whilst 
the increase in the Central Provinces was due mainly to the Pench 
VaUey and Ballarpur fields. In Hyderabad State the Singareni 
field showed a decrease of about 48,000 tons, which was nearly 
balanced by an initial production of over 42,000 tons from the 
Sasti coalfield opposite to Ballarpur in British territory. There 
was a general increase in the pit’s mouth value of coal, except in 
Baluchistan, the rate of increase varying from as little as Ee. 0-5-7 
in Assam tb Rs. 2-9-10 in the Punjab ; the increase in the fields of 
Bihar and Orissa averaged Re. 1-13-8 and in Bengal Ee. 1-6-3. 
The decrease in Baluchistan was Es. 2-8-1 per ton. During the 
year, the existence was proved in the Talcher coalfield of consider¬ 
able quantities of good steam coal, and this field is now in course of 
commercial development. 
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Table 4.—Average Price {jper ton) of Coal extracted from the Mines 
in each 2yTOvmce dvring the year 1920 and 1921. 

1920. I 1921. 

Es. A p. Es. A. p. 

Assam 7 7 9 7 13 4 
Baluclustan 16 9 0 14 1 S 
Bengal . 6 5 5 7 11 b 

Biliai and Orisea 4 9 2 6 0 10 
Burma ... 11 7 6 
Central India . 4 4 10 6 11 6 
Central Pi evinces 5 13 3 7 0 0 
Punjab . 12 3 10 U 13 8 
Eajputana 7 

1 
7 1 8 13 4 

Table 5.—Origin of Indian Coal raised during 1920 and 1921. 

— 
Average of 

last five 
years 

1920. 1921. 

[ Tons. Tons. Tons. 

jrondwana coalfields . 18,933.226 17,626,444 18,843,792 

Tertiary coalfields . 402,769 436,770 469,155 

Total . 1 !M55,995 17,962,2 4 j 1 19,302,947 

Table 6.—Provincial Production of Coal during the years 1920 and 
1921. 

Province • 1920. 1921. Increase, Decrease. 

Tons. Tons. Tons. Tons. 
Assam 325,535 312,406 ... 13,070 
Balucliistan . 33,941 54,027 20,686 
Bengal 4,207,452 4,239,042 62,190 
Bihar and Oii&sa . 11,976,656 12,990,481 1,014,826 
Burma ... 300 300 
Central India 158.061 192,034 33,983 • •• 
Central Provinces . 491,205 712,914 221,709 
Hyderabad . 894,080 688,721 

f ' 
6,359 

Punjab 68,078 67,242 "9,184 ... 
Bajputana . 18,216 24,621 6,305 ... 

Total 28,m 



136 Records oj the Geological Survey of India. [Vol. LIV. 

Table 7.—Output of the Gondwana Coalfields for the years 1920 ar^d 

1921. 

Coalfield. 

1920. 1921. 

Tons. 
Per cent, 
of Indian 

Total. 
Tons. 

Per cent, 
of Indian 

Total. 

Bengalf Bihar and Orissa— 

Bokaro .... 8oT }«>22 4-78 929,143 4-81 

Daltonganj 39,113 0*22 36,590 0-19 

Giridih .... 831,293 4-63 818,580 4-24 

Jainti .... 118,6S1 0-66 105,652 0*55 

Jharia .... 9,294,040 51-74 10,068,866 32-16 

Rajmalial Hilla . 960 ... 2,170 001 

Bamgarh .... 6,863 0*04 ... ... 
Bampur (Baigaxli-Hingir) . 36,987 0-21 77,277 0-40 

Baoigaiij .... 4,997,679 27-82 3,211,855 27-00 

Central India— 

Soliagpur .... ... ... 37,060 0-19 

Umaria . • . . i 
1 
1 158,051 0*88 134,974 , 0-80 

Central Provinces— ! i 
Ballarpur .... 128,162 0-71 171,423 0-89 

Hohpani .... 83,335 0-47 89,023 0-47 

Pench Valley . 279,483 1-36 1 449,311 2-33 

ShalipQr .... ... ... 210 ... 

Yeotmal .... 225 ... 2,345 0-01 

Byderabad— 

Sasti .... 27,745 ... 42,674 0-22 

Singareni .... 666,335 3-86 646,047 3*35 

Total 17,526,444 97-58 18,843,792 [97-62 
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Table 8.—Output of the Tertiary Goal-fidds for the years 1920 and 
1921. 

1920. 1921. 

Coalfield. 

1 

Tons. 

1 

1 

Per cent, 
of Indian 

Total. 
Tons. 

Per cent, 
of Indian 

Total. 

Assam— 
Jihasi and Jaintia HiUs 
31akum .... 
Naga Hills 

670 
285,974 

38,991 1 H 
443 

269,198 
42,824 

1 1-02 

Baluchistan— 
Kalat, Mach, Sor Range . 
Khost .... 

11,406 
22,636 1 1 »■■»{ 

23,374 
31,233 

] 0-28 

Bnima— 
Loi-an (Kalaw). • • 

j 

... 300 ... 

Punjab— 
Jhelum .... 
l^Iianvrali .... 
Shahpur .... 

47,803 
6,83o 
3,440 

j 0-321 
60,639 
11,862 
4,751 

1 0-35 

Bajputana— 
Bikanir . • • • 18,216 0-10 24,621 0-18 

Total 435,770 2-12 459,155 2*38 

In spite of the considerable increase, the total production was 
nevertheless nearly 3 million tons below the output of 1919, and 
the coal situation became so acute that it was found necessary 
early in the year to prohibit the esport of Indian coal to foreign 
ports. The effects of this step are seen in the export statis- 
tics, which show a fall from a total of nearly 1^ million tons in 
1920 to slightly over J million tons in 1921. On the other hand, 
the imports rose from the insignificant figure of under 40,000 tons 
in 1920 to over 1 million tons in 1921, 462,000 tons coming from 
South Africa, 436,000 tons from the United Kingdom, 111,000 from 
Australia (including New Zealand), and the balance from other 
cormtiies. 
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Table 9.—Exports of Indian Coal and Coke during 1920 cmd 1921. 

1920. 1021. 

Quantity. Value. 1 Quantity. Va luc 

I Tons. Ds. ! £ 1 1 Tons. Es. 1 £ 

To— 1 
Aden and Dependencies 
Ceylon .... 
Straits Settlements (including 

Labuon). 
Sumatra .... 
BeS’pt .... 
Other Countries . 

83,668 
684,930 
228,108 

69,473 
102,467 

68,981 

10,81,370 
86,87,960 
29,79,060 

8,38,060 
18,41.870 
7,23,210 

108.187 
868,796 
297,906 

83,806 
134.187 

72,321 

17.675 
236,179 1 

10,682 

6,251 
200 

2,761 

1 
2,01,166 

82,01,678 
1,62,100 

87,514 
400 

1,11,119 

33,411 
213,439 
10,140 

6,834 
27 

7,408 

Total 1,222,617 1,56,61,580 1,565,153 273,648 87,63,877 250,250 

Coke. 2,241 61,510 1 6,151 1,923 93,518 6,284 

Total o£ Goal, Coke, etc. . 1.824,758 1,67,18,040 j 1,571,304 276,671 C8,47,39J 256,493 

Table 10.—Imports of Coal, Coke and Patent Fuel during 1920 
and 1921. 

1920. 1921. 

Quantity. Value. Quantity. Value. 

From— 
Australia (IncLudii^ Kew 

Zealand). 
Eatal .... 
Fortuguese East Africa 
United Eingdom 
Other Countries . 

1 

Tons. 

8,134 

7,696 
7,933 
4,122 

10,801 

Es. 

2,01,380 

2,80,940 
2,37,110 
2,08,600 
3,04,180 

£ 

20,138 

23,094 
23,711 
20,660 
80,418 

Tons. 

111,884 

306,236 
156,655 
436,012 

74,501 

Es. 

37,68,264 

1,13,16,644 
58.74,560 

1,86,17,007 
25,57,310 

£ 

260,550 

754,448 
891,687 

1,241,138 
170,487 

Total 88,586 11,82,210 118,221 1,084,687 4,21.23,835 2,808,255 

Coke. 
Patent fuel .... 

1,141 1 1,10,800 11,080 6,051 i 
11 ' 

6,01,81l! 
2,502; 

88,421 
167 

Total o£ Coal, Coke, eio. . 39,727 ^ 12,93,010 129,301 

This decrease in iihe production of coal in India, in the years 
1920 and 1921, as compared with 1919, is probably to be correlated 
to a large extent with the decreased efficiency bf labour, following 
at least in part on increases in wages, which enabled the worker to 
obtain his requirements in a smaEer number of working hours per 
day; and to a smaller extent to the increased price of coal, which 
resulted in an increase in the number of shallow workings, to which 
labour was attracted from the better oj^anised mines. A higher 
output per head is probably to be obtained in the future only by 
the greater use of mechanical means of cuttii^, extraction, and 
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transport. Any large increase of output in the near future will 
not, however, relieve the situation in full, until the laUways have 
provided themselves with increased terminal facilities and doubled 
or trebled some of the existing lines. 

The average number of persons employed daily in the coal¬ 
fields during the year increased by 16,537 or about 8 per cent., 
the total number of persons employed exceeding even the total 
for the year 1919 ; but the average output per person employed 
was less even than that of the preceding year, being 93*98 tons 
per person as against 94*37 tons in 1920 and 111*06 tons in 1919. 
The total number of deaths by accident was 286, corresponding to 
a death-rate of 1*39 per thousand persons employed, which compares 
very unfavourably with 189 deaths by accident and a death-rate 
of 0*99 per thousand in 1920; the 1921 figures are, however, very 
similar to those of 1919, which were 287 deaths or 1*41 per thousand 
persons employed. 

TabJiE 11.—Average number of persons employed daily in the Indian 
Coalfields during 1920 and 1921. 

Province. 

Kumber of persons 
employed duly. 

Output 
per pei-son 
employed. 

Number 
of deaths 
bj acci¬ 

dent. 

Death- 
rate per 

1,000 
persons 

emxdoyed. 

1920. 1921. 1921. 1921. 1921. 

Tons. 
Assam 3,171 3.389 92-2 lb 4-7 
Baluchistan. 9S6 1,330 4M 9 0-7 
Bengal 43,782 45,813 93*0 48 1-05 
Bihar and Uri'ssa . 118.200 120,431 102-7 163 i-3 
Burma 242 270 M 1 3-7 
Central India 1,017 1,907 97-6 8 40 
Central Provinces 8,403 12,132 58*6 18 D5 
Hyderabad . ‘ 12,440 12,602 65-1 21 1*7 
Punjab 1,320 1,898 35-4 2 1*03 
Bajputana . iir> 127 193-1 ... 

1 .. 

ntfd • 190,342 205,»9 ... 286 i 1 _ 

• ... ... 93*76 ... 1*39 

Copper. 
The output of copper-ore in Singhbhum has been maintained at 

a fairly steady level since 1919, following the commencement of 
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smelting operations at the Eakha Mines during the year 1918. 
The output in 1919 was 32,756 tons, which fell in 1920 to 28,167 
tons, valued at £42,250, and again in 1921 to 23,089 tons, 
valued at £32,560. Smelting (operations, commenced during the 
year 1918, resulted in the production of 980J tons of refined copper 
in the year 1919, 512 tons in 1920, and 1,143 tons in 1921. There 
was also a small production of 30 tons of copper-ore in Mysore 
State. 

Diamonds. 
The output of diamonds from Central India amounted to 126’1 

carats, valued at Rs. 72,970 (£4,865), as against 85'1 carats, valued 
at Rs. 41,252 (£4,125) in the preceding year. 

Gold. 
The continuous decrease in the output of gold in India from 

the maximum production of 616,728 ozs. reached in 1915, continued 
during the year 1921, when the total output of gold was 432.723 
ozs., valued at £2,050,576, as compared with an output of 499,068 ozs., 
valued at £2,733,115 in the previous year. This decrease was due 
partly to the cessation of operations of the Hatti (Nizam’s) Gold 
Mines, Limited, and lo a decrease of some 50,000 ozs. from the 
gold mines of Kolar. 

T.vbi,b 12.—Quantity and value of Gold produced in India during 
1920 and 1921. 

1020. 1921. 

lAbonr. 

Quantity. Value. Quantity. Va’ne. 

Ozs. Ba. £ Ozs. Ba. 1 £ 

Bumor^ 
8-04 202 20 15*66 927 62 j 112 Upper Cliind- 

Tvin, 
Buderabad 

Madras— 

7-69 

12,890 

717 

5,88,605 

72 

58,869*5 

' 26*303 

! 

3,113 208 

Anantepur . 13,645 8,03,533 80,353*5 10,108 (a) \ 7,21,350 48,001 535 
Mysore . 472,938 2,50,83,5442,593,854 

' 39*43 
3,00,30,873 2,002,025 23,344 

Punjab , 
United Provinces 

61*18 4,274 427 2,853 190 45 
2*7 100 19 [ yu. yp. 

Toiia . 499,067‘6X 3,73,31,155 2,733.115 3^7,58,027 2,050,576 24.046 

(a) Fine gold. 
Cd) Oontams Sd0»78O49 ozs. fine gold. 
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Graphite. 
There was a fall in the output of graphite from 100 tons, valued at 

Es. 5,000 (£560) in 1920, to 23 tons, valued at Rs. 784 (£52) in the 
year under review. Tliis decrease in output was due largely to the 
discontinuance of operations in Patna State and Ajmer-Merwara. 

Table 13.—Quantity and mhie of Graphite produced in India during 
1920 and 1921. 

— 

1921. 

Quantity. , Value. Quantity. Value. 

1 
Biha) tJnd On6sa~‘\ Tons. Ks. £ Tons. , Es. £ 

Bhagalpur ... ... 1' 60 4 
Patna . 60 3,600 360 Nil 
Smyhhhum • 0-2 15 1 1-6 Ktl 1 •• •• 

Cehtrcl Pro- 
1 1 

mice^— 1 
Botul . 23-1 540 54 24-1 724 4S 

1 
! 

Aj mei-Merwara 10*8 1,443 144-5 KU 1 i ... 
Total 1001 j s,m 560 251 , 784 62 

Iron. 

There was an increase in the output of iron-ore of about 70 per 
cent., viz., from 658,005 tons, valued at Es. 11,81,628 (£118,163) 
to 942,084 tons, valued at Es. 21,08,329 (£140,555). This increased 
production was due largely to the increased activity of the 
Tata Iron and Steel Company, Limited, who blow in their third 
blast furnace (the Batelle furnace) in August 1919, the full effect of which 
was not felt until 1921, when the company produced 281,541 tons 
of pig iron, 125,336 tons of steel including rails, and 3,076 tons 
of ferro-manganese. The Bengal Iron Company record a slightly 
smaller output than in the preceding year, viz., 86,445 tons of pig 
iron and 27,219 tons of cast iron castings, with no production of 
ferro-manganese. The remainder of the increased production of 
iron-ore is due largely to extraction by the Indian Iron and Steel 
Company in anticipation of the commencement of smelting opera¬ 
tions at Bumpore. In the Central Provinces, the number of 



Ii2 Eeeords oj the Gedogioal Survey oj India. [VoL. LIV. 

indigenous furnaces in operation fell from 225 in 1920 to 165 in 
1921, the decrease being mainly in the Raipur district. The output 
in Burma is by the Burma Corporation, Limited, for use as a flux 
in lead-smelting. 

Table 14.—Quantity and value of Iron-ore produced in India dming 
1920 and 1921. 

(a) Estimated. (b) Not avaflable. 

Jadeife. 
There "was a small increase in the output of jadeite in Burma, 

■sx'hich rose from 3,429 cwts., valued at Rs. 4,83,514 (£48,351) in 
1920, to 3,815 owts., valued at Es. 7,01,673 (£46,778) in the year 
under review. The output figures are, however, always incomplete, 
and a better idea of the extent of the jadeite industry is obtainable 
from the export figures, which for the year 1920-21 were 6,094 
cwts., valued at Rs. 18,07,284 (£180,728), increasing in the year 
under review to 5,374 cwts., valued at Rs. 18,98,000 (£126,535) 

Lead. 
The production of lead-ore at the Bawdwin mines increased by 

some 15,000 tons; and tho total amount of metal extracted increased 
from 23,821 tons, valued at Rs. 97,56,213 (£975,621), to 33,717 
tons, valued at Es. 1,17,46,967 (£783,131). The quantity of silver 
extracted rose from 2,869,727 ozs., valued at Rs. 83,37,362 
(£833,736), to 3,555,021 ozs., valued at Es. 88,20,855 (£6^,057). 
The value of the lead extracted decreased from Rs. 409 (£40‘9) per ton 
in 1920 to Rs. 348 (£23*2) per ton in the year under review, and that 
of silver from Rs. 2-14-0 per oz. (69iZ.) to Rs. 2-7-8 (39*7d.) pet oz. 
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Magnesize. 

The check on the revival of the Indian magnesite industry 
recorded last year disappeared during 1921, when the output 
increased by nearly 6,000 tons over the figure for the preceding year, 
reached the highest figure that has yet been recorded. 

Table 16.—Quantity and value of Magnesite produced in India during 
1920 aM 1921. 

1920. j 1921. 

Quantity, ' Value. Quantity, Value. 

1 Tons, Bs. 1 £ Tons. Rs. £ 
Madrab— 1 1 

Salem . . 11.300 1,35,600 1 13,560 17,152 205,824 13,722 

My sole— 
1 

Hassan . 1 640*5 1 7,686 1 769 50 1 500 33 
]My««ore . . ' 2,40C 28,872 1 2,887 2,816 28,150 

I 
1,877 

Total . 14^46*6 1 1,72,158 ^ ir.ne 20,017 UM2 

Manganese. 

In the year 1920 the output of manganese-ore in India reached 
a figure, 736,439 tons, which has previously been exceeded 
only twice, viz,, in the year 1907, when the output was 902,291 
tons, and in 1910 with 800,907 tons. In value, however, the outj^ut 
for 1920 reached by far the highest figure hitherto recorded, viz,, 
£3,586,072, this being the f. o. b. value at Indian ports of the total 
production, calculated from the average c. i. f. value at United 
Kingdom ports and the average freight rates from India to the 
United Kingdom, taken respectively at 45d. per unit and £4 9s. 4(?. 
per ton. During 1921, there was a small faU in output to 679,286 
tons, valued at £1,537,068 f. o. b. at Indian ports, calculated from 
an average o. i. f. value at United Kingdom ports of lid, and an 
average freight rate from India to United Eongdom ports at £1 5s. 
From tables 17 and 18 it wifi be seen, however, that the exports 
during the year were about 130,000 tons less than the production, 
as compared with 1920, when the exports corresponded almost 
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exactly with the production. The figures of distribution of the 
expoited oie according to destmation show that this decrease m 
expoits wato due chiefiy to the enoinious decrease of over a quartei 
01 a nnUion tons m the quantity of ore taken by the United Kingdom, 
due, of couibe, to the disastioub leduction in steel-smeltmg in 
Biitaiii due to the efiects of the coal strike and high labour charges. 
The large exports to Belgium aie in part for tiansniission to Germany. 

Table 17.—Quantity and value of Manganese-oie produced in India 
dutiiig 1920 and 1921. 

1 1920. 
1 

1921 • 

1 

I Quantitv 
1 Value £ o b. 
1 at Indian 
j polls. 

Quantity. 
^ Value fob 

at Indian 
ports 

1 

Bilat and 0 — 
Gancpur 
bin^ubLum 

1 
Tons. 

1 21.161 
500 

1 

£ ] 

103,865 
2.454 

Tons. 

19,823 
1 425 

^ £ 

‘ 45,^27 
974 

1 

Botnh y— 
Choia XT le^ ur 
Panch M«nais 

29,230 
1 31,166 
1 

113.471 
1 1(>7,698 

29.407 
44,270 

1 

1 

1 07,'5.l5 
1 101,»(<C 

Cenitrtl Prow ce^— 
I>Ua£>liat 
Bhandaia . . | 
C iihmd'waia 
Kagpui 

1 

2'>7,8W 
90,919 
31,517 

221,912 

‘ 1,262,026 1 
440.469 
252,890 

1,089 300 

I 

[ 263,399 
09,291 
43,001 

' 180,491 

! 

681,100 
loS,7«‘0 
100,056 
427.372 

! 

Jludra^— 
bandar 
Tizagapatam . . • { 

1 
1 '*7,386 
1 

1 

2*7,882 
607 

16,593 
921 

20,964 

MyoOie—- 
Chitaldrug . . < 
Shimoga . . . . 
Tnmkur 

1 

'21,067 
94 

89,666 
389 

1,000 
13,493 

600 

1,750 
23,612 

1,050 

ToM . * 
_! 

736,439 679,286 i^Tjoes 
* 
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Table 18.—Exports of Manganese-ore during 1920 and 1921 
according to ports of sliiprnenL 

Port. 1920. 1921. 

Tons. Tons. 

Bombay 
Calcutta . 
Tizagapatam , 
ITormugao 

*«•••« 377,148 
323,258 

10,450 
2o,74o 

271.S2C 
259,021 

8.442 
10,874 

Total 

1 
736,601 550,763 

Table 19.—Distribution of Manganese-ore exported during 1920 and 
1921. 

_ 
1020. 1921. 

Quantity. Value. Quantity. Value. 

Tons. Bs. £ Tons. Bs. 

TnltPd Eingdom . 
r>elirfTini 
France . • . ' 
Italy . . . . 1 
Japan.... 
Fnlted States of America i 
Other Conutries . 

850,333 
164382 
70,091 
15,300 

105,600 
4,650 

63,73,700 
37,92.760 
13,50,040 
8,88,120 

23,01,150 
1,25,800 

637,870 
879,276 
155.004 

33,812 .. 
230.11' 
12,530 

96,759 
228,764 

79,355 
9,600 

1 2,2.50 
1 30,860 

8u,301 

21,05,918 
55,71,269 
17,95,707 

8,07,31)0 
58,223 

28,28.925 
9,04,600 

160,395 
371,413 
119,714 
20,487 

8,882 
155,262 
60,311 

Xotal . ' 710,866 1,03,10,160 l,o33,016 530,389 ' 
1 

1.33,72,004. j 3oi,m 

Mica. 

The declared output of mica shoTO a large decrease, amounting 
to orer 14,000 cwts., from that of the previous year. As has 
frequently been pointed out, the output figures are incomplete, and 
a better idea of the state of the industry is obtained from the export 
figures, which show a fall from 76,517 cwts., valued at Es. 1,06,54,380 
(£1,065,438) in 1920 to 30,944 cwts., valued at Es. 63,94,113 
(£426,274) in 1921, corresponding to a change in the average price 
from Es. 139 (£13*9) per cwt. to Es. 206*6 (£13*8) per cwt. 
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Table 20.—Quantitij aid oalue of Mica produced in India during 
1920 and 1921, 

1020. 1921. 

Quantity. 
1 

Value. Quantity. Value. 

Owts. 1 Bs. £ £ 
JS /i7r rnn Oiisscir-~ 1 

^ra-vA 4,822 1,00,864 19,086 5,oia 1,77,473 11,882 
H-izannaan 26,984 13,0^,209 139,021 20,746 10,82,585 72,169 
Minblmiu . 03 102 10 4 00 ' 4 
'‘lon-h^T . 1,069 44,232 4,423 291 7,397 306 
saiiibilpur • 8 800 30 4 150 10 

Cerariil Pruvinecs . 03 13 1 
3Iadrn<i— 1 • • 1 

K’-itna 83 2,701 270 1 S 499 33 
Xello-e 11,160-8 6,60,979 50,0% 4,207 2,05,149 13,677 
Xilcniis 14 1,69G 118 
b'llein 509 46,208 4,620 20 1,505 106 
Ira’vancore 173 4,531 453 37 1 1,30) 100 

MysofC— I 
Hassan ,, .. IIS ' ' 4,120 27 3 
yt' 80ie 65-2 2,123 213 60 , 138 10 

— 1 1 
Ajmer-Jlerivaia • • 2,085-7 1,05,517 10,532 1,S72 j 111,083 7,402 

Total . 46,952*5 23,30,175 1 233,077 \ 8% 488 1 23,03,566 1)6,237 
I 

Monazite. 

There was a fiiitlier decrease in the output of monazite in Travan- 
coie, which fell from 1,641 tons, valued at £49,231 in 1920 to 1,200 
roL'^, valued at £30.959 in the vear under review. 

Petroleum. 
In the pre\uous Eeview it was necessary to record a decreaao of 

12 2 million gallons in the oiitpuL uj petu oleum from the produclion 
oi 303,749,138 gallons recoided lor the year 1919, in the 
year 1921 the total production almost equalled ^chat ot 1919, 
anioimtiug to 305,083,227 gallons, important increases being recorded 
for the Singu and Y^nangyaung fields, partly balanced by a large 
decrease at Badarpiu*, and small decreases at every olhor field, except 
the Akyab and Upper Chhindwin fields in Burma, and the 
ilianwali and Attock fields in the Punjab. Owing, however, to the 
fall in the exchange value of the rupee, the value of the production 
has fallen from £7,95t,632 in 1920 to £5,603,974 in 1921. ** 

During the year active prodpecting was conducted in the Punjab, 
Sind, Assam, and Burma, by a variety of oil intoreste and several 

02 
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important concesbions were demarcated. The oidy case, how¬ 
ever, that has come to notice of the actual pr^of by drilling of 
the existence of oil in an area not hitherto producing is the Padaukpin 
area in Thayetmro, from which the Indo-Burma Oilfields, Limited, 
are now ottaining a «mall production. In the Punjab the oil in¬ 
dustry has entered on a new phase with the completion at Rawalpindi, 
and the opening in Pebiuaiy 1923, of the refinery erected by the ludo- 
Burma Petroleum Co. to deal with the production of the Khaiu 
oilfield in the Attock district. The refineiy has a daily capacity of 
65,000 gallons of crcde oil. 

Table 21.—QuaAtify and value of Pet role fhn prodveeu in India d)’Ang 

1920 and 1921. 

1921. 1921. 

Quantit'^. Value. Quantity. Value. 

1 
1 Gils. £S. 1 £ Gals. £s. « 

AsCd 

DiCJbOT , 6,2UO,«!'0 ^ 

1 
2,37,000 25,705 

1 
5,009,401 2,50,833 1 10722 

BauarpTir . 1 8,in,322 1 6,11,349 661,105 4,401,470 8,04,611 , I 22,8)8 

ALyab . 
1 

0,770 1 2,747 j i 273 0,780 ' 2,S21 

1 

Kyaukpyu SO, 173 8,450 S46 27,500 19124 i 1 1273 
Mmbu . C,8S5,1MS 10,78,049 107,803 8,T06,b01 1 11,58,383 1 77,22t> 
SlDCU . . ' 05,250,rre 2,67,00,002 2,679,000 104,167,740 2,02,07,170 i 

"3,150 1 
' 1,050,145 

XhaTetm\ n 01,020 25,(«80 2,309 
28,7 o,> 

60,072 1 2,212 
Upper Com Twin ’ ' 1,022 7r^ 2,57.053 l,lS2,7fr2 

2,510,530 
2,95,b03 10,71^ 

Ttmugyat 8,17f 281 8,03,015 89,8.01 7,54,341 
5,18,03,165 

62,0<P 
YenangyaTing 176,285 lb 4 03,80,170 4,958,017 184,426,141 , 3,457,878 

Pi j 
AttOCK . 

1 
30,040 0,403 040 59.orc 14 520 

Jlian-vrali . \ 1 S52 210 21 
1 

03) 261 17 

Toial . ' 2B3,U6.834 r.95,4S,S‘i8 j 
1 
1 305,683,227 

1 

8.40.59,027 
1 

1 5,60 3,973 

During the year, there was a large decrease in the imports of 
kerosene oil, amotinting to over 20 million gallons, the decrease being 
chiefly in the imports from Borneo, Persia and the Straits Settle¬ 
ments, set ofi by a small increase in the imports from the United 
States of America. During the same year, however, the export of 
paraffin was increased from 23,093 tons, valued at £1,014,393, in the 
year 1920to 31.069 tons, valued at £940,623 in the year under 

review. 
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Table 22.—Imports of Eewsene oil dar ng 1020 and 1921. 

1920. j 1921. 

Quantity. 
1 

1 
Value. 1 

1 
Quantity. | Value. 

1 

Gals. 
From— 

1 

Rs. i £ Gals. Es. 

Borneo . 18,351,378 ' 88,98,770] 889,877 8,179,354 , 43,81.022 i ' 2&2,oes 
Peisia . 7,23^,277 51,92,0601 519,206 230,374 1.77,2S0 1 11,819 
EuStoia . 819,407 4,09,700, 40,970 ... 
Straita Settle- 4,909,819 

ments (m- 
c 111 d 1 ng 
Labuan). 

20,09,460 260,946 

! 1 

5,023 i 

1 1 
' 7,3SS 1 493 

Gnite.l States 32,283,633 
of America. 

12,93,74,330 2,937.433 ,34,441,518 2,73,50.225 1,823,348 

Other Coun- 740 
tiieb 1 

1,760 370 1 3,504 1,507 104 

Total , 63,599,160 4,64.86.080 4,648,608 ,42.863,775 Z,19,17,482 1 s.m,832 
1 

Table 23.—Exports of Paraffin Wax from India during 1920 and 1921* 

\ 
1 1920. 1 

1 
1921. 

— 1 
! 

Quantity, j 
1 

Valo^, j Quantity. Value. 

1 

To— , 
Tons. ! 

t 
... i 

\ 
£ 

1 
Tons. 

1 
Ka. , 

1 
£ 

United King¬ 
dom. * 

• 0,752 1 27,80,000 278,OCO 5,013 22,80,916 I 152,061 

Italv . . ... ... ... 10,270 46,72,860 311,623 
Ghma. 1,100 6,27,800 52,780 2,320 10,86,906 72,400 
Japan ! 7,202 I 33,04,550 330.453 3,814 17,36,266 116,084 
Egjpc 20 ' 9,100 910 190 86,450 3,763 
Eortugueso 
»Eabt Africa. 

500 
1 
1 

2,64,800 25.480 , 50 22,760 1,617 

United States 
of America, 

914 ' t 4,15,470 
1 ' 

41,547 
1 

1.134 6,16,970 34,398 

Australia (in¬ 
cluding Kew 
Zealand). 

4,040 1 18,38,200 183,820 1,7D8 

1 

8,08,492 53,808 

Otlier Coun 
tries 

2,386 
1 

10,13,400 101,340 6,401 28,99,768 193,318 

, Total 
. 1 

23.093 j 1,01,43,910 IfiU^OZ 31,069 
1 

1,41 j 940,633 
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Ruby, Sapphire and Spinel. 

There Tvas, during the year 1921, a considerable increase in the 
output of the ruby mines from 155.604 carats, valued at Es. 6,19,820 
(£61,982) in 1920 to 193,915 carats, valued at Es. 7,52,468 (£50,163) 
in 1921. 

Table 24.—Quantity and value of Ruby, Sapphire and Sphiel pro' 
duced in India during 1920 and 1921. 

1920. 1021. 

— 1 
' Quantity. Value. 1 Quantity. Value. 

i 

i Carats. Es* 1 £ Carats. Es. £ 

Burma^ 
1 

Mogok . . 1 88,491 
(Eubies). 

6,54,630 1 66,464 

1 6,083 

112,197 
(Rubies). 

6,91,209 46,USl 

33,016 
(Sapphires) 

60,832 
1 

48.916 
(Sapphires) 

57,232 3,816 

34,098 
(Spineh) 

1 

4,362 j 435 

1 __ 

32.802 
(Spinels) 

1 

4,027 

C
O

 
4:> 
O

l 

Total . . , 155,604 C,19,S'20 1 62,982 193,915 
1 i 

50,m 

Salt. 

There was a further deciease in the output of salt, amounting to 
nearly 100,000 tons in the year 1921. This decrease was borne 
largely by Northern India and Aden, the smaller decreases in Buima 
and Madras being balanced by a moderate increase in Bombay and 
Sind. The quantity of rock-salt produced decreased from 209,839 
tons in 1920 to 148,038 tons in 1921. The imports of salt decreased 
fcom 614,674 tons, valued at £2,369,897, in 1920, to 479,306 tons 
valued at £1,062,984, in 1921. 
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Table 25.—Quantity and value of Salt produced in India during 1920 
and 1921. 

' 
1920. 1921. 

1 

Quantity, j 
1 

Value. Quantity, Value. 

Tons. BiS. £ Tons. Bs. £ 

Aden 
Bengal 
Bombay and Sind 
Burma 
Central India 
Gwalior • 
Madras 
Northern India . 
Bajputana (Jai* 

salmer). 

181,174 
30 

473,376 
65,107 

12 
232 

453,647 
456,538 

107 

22,86,015 
553 

28,37,992 
40,00,476 

797 
11,046 

29,78,471 
23,43,308 

5,437 

228,601 
66 

283,799 
400,048 

80 
1,304 

297,847 
234,331 

544 

156,684 
35 

514,379 
43,028 

1 
159 

446,113 
373,184 

196 

9,06,402 
1,160 

28,96,623 
26,01,004 

72 
7,686 

26,22,460 
20,87,279 

9,616 

60,427 
77 

193,108 
173,400 

5 
506 

174,831 
139,152 

641 

Total 1,630,123 1 l,U6d09 1,633,679 1,11,32,200 742,147 

Table 26.—Quantity and value of Rock-Salt produced in India during 
1919 and 1920. 

1920. j 1921. 

Quantity. 
i 

Value. Quantity. Value. 

Salt Bange 

Tons. 

181,480 

! 

Bs. 

0,17,636 

£ 

61,764 

Tons. 

123,084 

Bs. 

6,98,823 

£ 

39,922 

Kohat 23,142 63,813 S,581 19,63S 48,969 3,266 

Mandi < 6,217 93,196 9,319 

j 

6,819 1 1,28,968 8,69ft 

Total 209,839 r,66,54d ' ^'6,654 ; 
1 
148,038 51,785 
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Table 27.—Quantity and value of Salt imported into India during 

1920 and 1921. 
1 

1920. 1921. 

Quantity. 
1 
j Value. Quantity. I Value. 

1 

From— 
United King¬ 

dom. 

Tons. 

93,440 

\ 
1 

1 Rs. 

1 38,22,180, 

£ 

382,218 1 

1 

! 
Tons, 1 

1 73,730 1 

1 

i 1 

1 Rs. 

1 26,03,389 
1 

£ 

177.539 

Germany 78,628 ' 28,40,480| 284,048 56,568 17,36,663 113,778 

Spain . 64,515 23.55,920 233.302 58,413 21,65,623 143,708 

Aden and De¬ 
pendencies. ! 

1 m,269 75,73,110’ 
1 

737.311 112,044 1 41,94.987 

1 

299,666 

Egypt 131,326 50,79,260 
1 

507,926 97.094 00,78.881 205,259 

Italian East 
Africa. 

47,920 18,27,340 182.734 oO.iGo 10,38,724 110,581 

Other Coun¬ 
tries 

4,370 1 2.00.430 

! 

20,048 06 

! 

6,496 403 

Total i 614,674 
t 

'2,:i6,9S,970 2,369,897 ! 479,306 1,57,91763 1,052.981 

Saltpetre. 
Ttere was a fall in the total piodaction of saltpetre of nearly 

1,000 tons, representing chiefly the balance between a decrease of 
over 33 per cent, in the production of the Puniab and an increase 
of 22 per cent, in the output of Bihar. The fignie=i for 1920 have 
been increased by the inclusion of the output of hitliea saltpetre 
produced in Bihar, which has not hitherto been included in the total. 
This not inconsiderable production of huthea saltpetre is used in the 
manufacture of gunpowder and fireworks. The total Indian production 
of saltpetre in 1921 amounted to 15.891 ton^, valued at Rs, 53,55,478 
(£357,032). Exports decreas-ed feom 22,000 tons in 1920 to less than 
13,000 tons in the year under review, the decreases being largely in the 
exports to the United Kingdom, Ceylon, Mauritius and the United 
States, with a considerable increase in the exports to Hongkong. 



153 Past 2.^ Feumor ; Mineral Production, 1921. 

Table 28.—Quantity and value of Saltpetre produced in India during 
1920 and 1921. 

1 1920. 
1 
1 1921. 

Quantity. Value. Quantity. Value. 

Tons. Bs. £ Tons. Rs. £ 

Bihar (refined) . 3,830 12,24,221 122,421 4,277 13,96,264 93,084 
Bo. (kuthea) , ' 1,835 5.08,413 60,842 2,681 6,86,464 39,098 

Central India . 41 2,596 260 17 460 30 
Punjab . • 6,548 25,82,376 238,238 1 4,339 19,04,208 126.947 
Baiputana 217 63,970 6,397 1 229 82,732 5,517 
United Provinces 4,380 15.26,961 132,096 1 4,366 13,85,340 92,356 

Total . 1 16^74 S9,08,S39 m,854 j 1 15,893*7 53.55,478 357,032 

Table 29.—.-Distr&tUion of Saltpetre exporUd durr/ng 1920 and 1921. 

1920. I 1021. 

1 

Quantity. Value - 
Quantity, Value. 

1 Cwts. Rs. £ 1 Cwts. Rs. £ 
To- ' 

Uuited Kins;- | 135,797 25,26,420 1 232,642 88,294 15,10,773 100.718 
dum. , I 

1 

Ce Ion . . 1 84,833 11,12,380 111,238 16.376 2,25,403 ' 15,027 
Honickon:* 28,072 i 4,95,590 49,659 63,241 14,74,118 98,273 
J >pan ." 2,292 35,300 3,330 498 i 11,540 769 
Mduritiui and i 84,728 16,85.450 168,645 59,464 10,46,876 69,792 

Bepenclon- i 

'‘les. * 
United States ‘ 86,694 13,25,030 132,503 15,002 2,32,380 l«),o03 

ot America. 
Other Countries 

1 

20,236 3,47,230 1 

C
O

 12,908 2,92,182 19,479 

Total . j 442,654 75,Z7A00 J 752,740 257,873 47,93,473 319,505 
1 

saver. 
The output of silvex from Bawdwiu agm showed a ocmsider- 

able iuciease, whilst there were small decreases in the produotion of 
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silver from the Anantapur gold mines in Madras and the Kolar gold 
mines in Mysore. The total Indian production amounted to 
3,587,687 ozs., valued at Rs. 88,95,121 (£593,008), corresponding to 
an average value of 39’7 pence per ounce, as compared with 2,906,397 
ozs., valued at Es. 84,31,092 (£843,109), corresponding to an average 
value of 69‘6£?. per ounce in the previous year. 

Table 30.—Quantity and value of Silver 2J^oduced in India during 
1920 and 1921. 

1920. 1921. 

1 
Quantity. | 

i 

Value. 
1 

Quantity. Value. 

Burma— 

Ozs. . B.. 1 
i 

£ 

1 

^ Ozs. 1 
1 
1 Rs. 
1 

£ 

Northern Shan 
States. 

Madra^^ 

2,869,727 i 83,37,362 1 
1 1 

633,736 ^ 3.oo<>,021 1 88,20,856 

I 

* o8S.0o7 

Anantapur . 
My sot e— 

$68 j 2,270 1 227 1 619 1,419 96 

Kolar • . 1 33,802 1 91,460 1 
1 

9,146 31,047 72,847 4.856 

Total 2,906,397 
I 

84,31,092 843.109 3,587,587 88,95,121 593,008 

Tin* 
In contrast to the previous year, when it was possible to record 

a considerable increase in the output of tin-ore, there was in the 
year under review a moderate decrease from an output of 2,117*6 tons 
of tin-ore (excluding the low-grade ore) in 1920 to 1,701*6 tons of 
tin-ore in 1921. The whole of this production was derived fiom 
Burma, Tavoy contributing 73 per cent, of the output and Mergui 
24 per cent.; both these districts showed increases of production over 
the previous year, which increases were, however, more than balanced 
by an almost complete cessation of production in the Southern Shan 
States. In addition, Mergui produced 171*2 tons of block tin, show¬ 
ing a small increase over the figure for previous year. The imports 
of unwrought tin showed a small increase from 60,146 cwts. in 
1920 to 33,114 cwts. in 1921. Of these imports by far the greater 
part came from the Straits Settlements. 
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Table 32.—Imports of Tin, unwroughi {bloeh, ingots, bars and slabs) 
into India during 1920 and 1921. 

j 1920. 1921. 

Quantity, i 1 Value. Quantity. * Value. 

1 Curts. ^ Rs. £ Cut. B,. , £ 

From— 
United Kingdom 
dtraits iiettlements (includ- 

ing Labnan). 
Other Countries 

2.1C5 
45,542 

2,439 ' 

4,64,340 
70,67,680 

‘ 2,79,920 

46,434 
706,763 

27,992 

2,146 
50,141 

S25 

3,05,230 1 
72,06.768 

1,13,417 1 

20,849 
480,451 

7.501 

Total 50,146 78,15,090 781,209 58,114 7C,2S,4I5 508,361 

Wolfram. 

The large decrease in the output of wolfrain recorded for the 
year 1920 was followed by a still larger decrease iu the year 1921, 
viz., from 2,846-2 tons, valued at Rs. 13,97,075 (£139,707), in 1920 
to 898-3 tons, valued at Es. 4,39,388 (£29,292) in 1921. The whole 
of tills output was derived from Burma, and all but about 12 tons 
from the Tavoy district. 

Table 33.—Quantity and value of Tungsten-ore produced in India, 
during 1920 and 1921. 

1020. 1921. 

Quantity. Talue. Quantity. Value. 

Bnrtna— 
Tons. Es, £ Tons. Es. • £ 

Mercui . 
Sonthem Shan 

States. 

191*5 1,73,353 17,335 1 4*9 1,597 
(«) 

106 
474*3 3,63,178 36,318 1 7*4 (a) 

Tavoy * 1,679 9,59,420 95,942 886 4,37,791 j 29,186 
Thaton , 1*5 1,125 112 ... ... 

Total 2,346'2 13,97,075 139,707 1 898*3 4,89,888 29,292 

(a) Not available. 
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The production of alum rose from 2,691 crrts., valued at Rs. 73.200 
(£7,320), in 1920. to 3,380 owts., valued at 

Aum. 64,400 (£4,293), in the year under review. 

The whole output came from the Mianwali district in the 
Punjab. 

There was a large decrease in the production of Amber from 
the Myitkyina district of Upper Burma, viz., 
from 72 cwts., valued at Rs. 16,660 (£1.666), 

in 1920, to 26‘3 cwts., valued at Rs. 16,840 (£1,123), in 1921. 

There was a production of 32-5 cwts. of antimony-ore, valued at 
Rs. 250, from the Southern Shan States, and 

ntimony. 2o seers (about 40 lbs.) valued at Rs. 800 

(£63), from the Jhelum district in the Punjab. The high value 
placed on the Jhelum product is due to its use as surma, for the 

eyes. 

27‘5 seers of aquamarine, 173‘5 seers of Leryl, and 12 seers of 
. . ^ „ , rodk-ciystal, valued altogether at Rs. 19.000 
Aquamarine and Beryl. , , ®. , . .. 

(£1.26i), were produced m Kashmir. Ajmer- 
M^wara (in Rajputana) records a production of 6,300 carats of 
beryl, valued at Rs. 100 (£6-7), the low value of the beryl from 
Rajputana being an index of the poor quality of the mineral 

Aquamarine and Beryl. 

In 1920 the output of asbestos totalled 1,818 tons, of which 

Asbestos came from the district of Hassan, 
and the balance, 107 tons, from the district 

of Bangalore, in Mysore State. In the year under review the pro¬ 
duction from these two districts fell to 237 and 67 tons* re^ectively, 
with a total value of Rs. 12,160 (£811). In addition, 11^ tons of 
asbestos were produced in the Seraikela State, Singhbhum, valued 
at Rs. 1,100 (£73). 

1,457 tons of barytes, valued at Rs. 47,603 (£3,173), were pro- 
duced in 1921 in the Kurnool District of the 
Madras Presidenry, against 678 tons valued at 

Rs. 15,528 (£1,653) in 1920. In addition, there was an orriput of 
234 tons of barytes, valued at Rs. 4,680 (£312) in Alwar State in 
Rajputana. 
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Bauxite. 

Tliere was again a considerable increase in rbe production of 
bauxite from Kaira in Bombay, from 3,931‘3 
tons, valued at Es. 41,280 (£4,128), to 4,653 

tons, valued at Es. 39,550 (£2,637) in 1921 for use iu tbe reining 
of oil. In addition, there was an output at Katni in tbe Jubbulpore 
district in 1920 of 2,308 tons of bauxite valued at Es. 12,028 
(£1.203) falling in 1921 to 1,999 tons, valued at Es. 9,651 (£643), 
for use mainly in tbe cement industry. Investigations were 
contmued on tbe important bauxite deposits discovered in Jammu 
and referred to in tbe previous Eeview, but bitberto with no 
tangible result. 

Tbe total estimated value of building stone and road-metal 
produced in tbe year under review was Es. 63,33,285 
(£422,219). Certain figures returned only in 

cubic feet have been converted into tons on tbe basis of certain 

Building Materiak. 

assumed relations between volume and weight. 
Tbe recorded production of clay rose from 156,524 tons, valued 

atEi. 4,08,121 (£40,812), in 1920, to 199,266, 
valued at Es. 5,60,664 (£37,378) in 1921. 

Table 35.—Pioduotion oj Olaijs in India during 1921. 

— Quantity. Value. 

Tons. £ 

Benv;al . 9,117 10.413 1.294 
Biliar and Oris^q, 32,2bO 3,3 u 177 22,345 
Buruia . 30,321 1 27,705 l,b«!>l 
Central India . 1 '.,(530 109 
Central PronncJ^ . • I 52,2bJ. 1 •31,8<50 2.125 
Kabliinir 2 4o ' 3 
Mycore • , , 52.328 i,li>,lal> , 7,077 
Punjab . 12,801 28.440 1,807 
Eajputana (u). 1 1,100 77 

Total • 199,266 
“ \ 

660,66i j 3^,378 

(a) Value ol 90 tona from Alwar not included. 

The production of fuller’s earth is recorded separately, and 
amotmted to, in 1921, 2,807 tons, valued at 
Es. 14,490 (£966). 

FuHer's Earth. 
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Table 36.—Production of Fuller's Earth in India during 1921. 

— 
1 Quantity. Value. 

1 Tons. 1 1 Rs. £ 

Geflirril Ptounces— 1 
Jubbulpoie 

Mysore— 
• • 113 554 1 

1 
37 

Tumkur . , , 139 105 ' 13 
Eajpvint^a— 

Bikaner . , , 1,675 8,799 1 5S7 
Joc^hpur . • * 8S0 4.942 1 329 

Total 

1 

2,807 i 
1 

u,m \ 966 

An output of 407*4 cwts. of garnet in 1920 was reported from 
„ , Hyderabad. No returns have been received for 

the year under review. 

The production of gypsum showed a slight increase, the total 
output being 33,801 tons, valued at Rs. 34,018 

psum. (£2,267), as against 33,531 tons, valued at 

Es. 36,932 (£3,693) in 1920. 

Qypsani. 

Ta-rt-t!! 37.—Production of Gypsum during 1920 and 1921. 

1920. 
1 

1921. 

Quantity. Value. j Quantity. Value. 

j Tons. Rs. £ Tons. 1 Rs. £ 

Pmijah— 1 
Jhelnzn . 

1 1 
7,378 17,218 1,722 6,329 4,663 811 

JRajpuiana— 
Bikanir 
Marwar 

16,173 
10,000 1 

13,122 
6,692 

1,312 
659 

10,280 1 
12,000 

13,204 
5,000 

880 
333 

Kashmir 
1 

1 
••• I 

t 
... * ... 187 1 11,161 743 

Total 33,551 1 
\ 

38^82 1 3^93 

1 
33,801 j Sim 2,267 
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Only 2 cwts. of molybdenite, valued at Rs. 200 (£13), ■were won 
during the year 1921; this amount was re¬ 
covered in the course of wolfram-mining opera- 

Molybdenite, 

tions in Tavoy. 

The output of ochre for which figures of both quantity and 
value have been supplied increased from 2,635 

' tons, valued at Rs. 33,431 (£3,343), in 1920, 
to 5,812 tons, valued at Rs. 32,606 (£2,174) in 1921. 

Table 38.—Production of Ochre during the years 1920 and 1921, 

1920. 
1 

1921. 

Quantity. Value. 

i 

1 
Quantity. ^ 1 Value. 

Tons. Bs. £ Tons. 1 1 Bs. £ 

Bihar and Orissa 400 20,000 2,000 1 450 1 12,600 840 
Burma ••• 1 ••• ••• 
Central India {a) 1,001 10,307 1,031 1 , ’^877 1 15,200 1,013-3 
Central Pro- ... ... ... 221 1 126 8-4 

Tmces (6). 
Gwalior . 1,082 1,900 

1 
190 1,0145 j 2,180 145-3 

Madras 100 000 60 ••• 1 , * 
Mysore 62 624 62 250 2,600 167 

Total 2,635 33,431 3,343 5,812 32,306 2,114 

(а) Oohie (weight not reported) Tulued at Bs. 1,014 from EotU and 2,000 Ions 
of ochre (value not reported) from BundeUdumd not inoluded. 

(б) 60 tons of ochre (value not reported) from Chanda not inolnded. 

347 tons of apatite valued at Rs. 3,420 (£231), were produced 
Pbosphates. in the Singhbhum district in 1921. 

10 tons of soda, valued at 30 seers per rupee, were produced in 
Soda. the Ladak tahsil, Kashmir, in the year 1921. 

The oui^ut of steatite rose by 86 per cent., from 3,681 tcais, valued 
,, at Rs. 1,06,664 (£10,586), to 6,703 tons, valued 

at Rs. 88,202 (£6,809). 

n 
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Table 39.—QmniUy and value of SteaiUe product m India during 
1920 and 1921. 

1 
1920. 

t 

1 
1921. 

i 
Quantity. 

j 1 

; Valne. | 

! 

Quantity. Value, 

\ 

1 Tons. ! n,. i 

1 

z. ions. Its. 1 1 

BiMf amd <>/• ''iu— j 

Bb^tjalpac . . . < ., ,, 

1 

00 

1 
1 

OOO 1 
1 ' 

tO 

1 
Mayurbhanj . . | 32 3,600 J60 t>2 ^ 3,850 257 

Smiihbliuni 412 25,409 ^ 2,5-»l ' 
1 

27 3,350 

1 

224 

B ^Tinor^ 1 

Meilctila .... 
1 

.. ' .. 
( 

1 
! 

3,152 

t 

j 22,233 1,482 

Mylngraii •• 

1 
> 

1 

1 
•• 1 

107 • 0C4 
1 
1 64 

1 
Pa1iX>l:knHillTiaclB • 

1 
•4 , 105 ' 

1 
10-3 ^ 1-5 ' 270 1 18 

Sagains; .... •• 

! 1 

1 

1 

374 j 3,223 215 

1 

Cc/ttraZ Proeiiiecs^ 

Jubbalpore . . . ^ 

1 
I 

1 2^05*5 
( 

1 

1 
, 43,342 

j 

4,034 1 1,080 19,699 1 15313 

JHodrot'^ 

Bellary . . . . ’ 3 
1 
^ 13 1-5 ,, 

1 

1 

1 " 

Kbllore .... G2 2,864 280 40-3 3,866 ^ 301 

Salem .... 508-5 « 14,630 ' 1,405 
I 

328 13,987 
1 
, 032 

Mysoro^ 263 

1 

5,300 
t 

330 J 188 , 414 28 

United Provinces 

Hamirpar 73 

) 

f 

; 10,069 
{ 

1,007 

I 

1 98 1 13,200 1 880 

Jbansi 10 1 500 50 
1 

5 240 

] 

« .i 

1 

16 

Totfa . 3^681*4 lOfiBS 6,703 * 88,202 ' 
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Table 40.—Statement of Mineral Goticessions grafted, during 1921. 

ASSAM. 

1 

District. ' Grantee. Mineral. ^ 
3fatureof 

grant. 
Area in acres. 

Date of j 
[ conimence- ' 

ment. 
j Term. 

Caito (1) The Borma Oil Co., 
Ltd. 

2£ineral oil « • | P. 1. 6,169*6 8tb April 1921 
1 
j 1 year. 

Do. (2) Do. Do. « * ^ P. L. 4,409*6 12th April 
1921. 

Do. 

Do. (3> Do. Do. P. L. 4,947*2 26th Septem¬ 
ber 1921. 

Do. 

i 

Do. • (4) llie Indo-Burma 
Fekolenm Go., Ltd. 

Do. 
1 

P. L. . j 
1 

1 5,056 

1 

4th March 
1921. 

; Do. 

Qaxo Hills . 

1 

(5) Messrs. Hilbum & I Coal . . . | 
Co., on behalf of Coro i 
HiUs Mining Syndl- 

1 catc. 

P. L. 49,280 

1 

9th May 1921 Do. 

Hbasl and 
Jalntia 
Hills. 

(6) The Hhasia Mines, 
Ltd. 

Minerals other 
than mineral 
oil. 

P. L. j 7,564*8 

1 

10th Jannaiy 
1921. 1, 

Do. 

Sylhet (7) The Burma Oil Co., 
Ltd. 

Mineral oil. P. L. 

1 

1 4,691*2 22nd March 
1921. 

Do. 

Do. (8) The Indo-Bnrma 
Petrdleam Co., Ltd. 

Do. . j P. L. 3,008 

1 
Slst August 

1921. 
Do. 

BALUCHISTAN. 

Salat • ‘ (9) The Whitehall ' 
Petrdenm Carpmration i 
Ltd. of London. 

Mineral oil. B. L. . BolanPdSS . 18th March 
1921. 

1 year. 

Do. (10) Do. Do. B. L. . Whole of the 
L a s b c 1 a 
State. 

30th March 
1921. 

Do. 

Do. (11) Do. Do. E. L. Whole of the 
Salat State. 

1 SOth March 
1921. 

Da 

Do. (12) The Burma Oil Go. 
of Bangoon. 

OU . . . P. L. 0,200 I8t Septem¬ 
ber 1921. 

Do. 

Qnetta 
Pishln. 

(13) General Manager, 
Bfllnchistan Chrome 
Go., Ltd., Hindubagh. 

Chromite . M. L. . 10 Isi April 
1021. 

30 years* 

Sibi . (13) Captain B.C.Kaok- 
vrood on behalf of &e 
Whitehall Petr^eom 
Co., Ltd., of London. 

Grade Petrolonm 
anditsassodateJ 
Hydro-carbons. 

P. L. 49,606*4 28th Decem¬ 
ber t021. i 

2 years. 

Do. , 1 (15) Do. 

\ 

Mineral oil. E. L. Whole of Sibi 
District 

except Manl 
and Bngti 
conntEieB. 

24th May 
1921. i 

1 year. 

P. L,wiP/Mpe<^ing JAcense, U. Mining l0a$g, SL L^Bxplodxig liomi 
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Disteict. Grantee. • Minerai. Nature of 1 
grant. 

* 

Area in acres. 
Date of 

commence¬ 
ment. 

Term. 

Zhob, , 1 (16) Baluchistan Chrome 
Co., Ltd., Hindubagh. ' 

Chromite . M. L. 1 10 ist July 1921 
k 

GO years. 

Bo. (17) Do. Do. . M. L. .! 10 1st July 1921 1 Do. 

Do. (IS) Do. . * Do. M. L. . 10 1st July 1921 Do. 

Do. . ' (19) Do. 
1 

Asbestos . M. L. • 1 20 l^t July 1921 Not given 
In the 
lease. 

BENGAL. 

Chittagong. (20) Burma Oil Co., Ltd. Mineral oil . P, L. .1 4,000 l2tU Decem¬ 
ber 1921. 

2 years 
only. 

BIHAR AND ORISSA. 

Gaya (21) Eumar Kilsima 
mtra. 

Mica . * • M. L. • 486*6 .... IS years. 

Hazaribagli. (22) Bahu Dvijcndra 
Nath MuklierjL 

Do. . P. L. 65 27tl, Peb- 
mary 1921. 

1 year^ 

Do. * (23) Balm Earihar Natli 
Singh. 

Do. . P. L. 140 20th January 
1921. 

Do. 

Da • (24) Bal u Girlsb Cliandra 
Sen. 

Do. . P. L. 07-&0 2Sth AprU 
1921. 

Do. 

Do. • (25) Babn Banka Biharl 
Cliandhurl. 

Do. . P. L. 2;o 18th May 
1921. 

Do. 

Do. . (26) Baba Laksluni Narain 
Suklmnl. 

Do. M. L. 1 120 12th Septem- 
)>er 1921. 

80 years. 

Do. . (27) Babn Bluijendra 
Nath Dass. 

Do. . M. L. . 1 440 10th Novem¬ 
ber 1921. 

Do. 

Samhalpur. (28) Babn Shanki*r Pra- 
shad Misra. 

Coal . P. L. 2,8r4*&0 23rd May 
1921. 

1 year. 

Do. . (29) Do. Oxide oi iron P. L. 86*91 Do. 

Do. (30) Seth Puranaul 
Manrari. 

Mica . M. L. 691*20 lOtli Ma\ 
1921. 

50 yoats. 

Do. (P.l) Do. Do. . M. L. 154*56 10th May 
1921. 

Do. 

Do. (32) ^Ir. J. Souljollc . Coal . P. L. 1,125*40 6tl' Septem¬ 
ber 1021. 

1 year. 

Do. (03) Do. Do. . P. L. • 1.4D4 
1 

6th Septem¬ 
ber 1921. 

Do. 

Da ; (04) Baba Dcbi Biasad 
' llisra. 

Do. . ■ f P. L. • 2,376*99 
1 

28tli Novem- | 
ber 1921. 

Do. 

P. lu^Pmpetthf! license. IT. L.e«3IiPing Ism. E. L.--5ispIorIng Wcense. 
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1 
Distkicx. 

i 
Urantce. ‘ 

i 

Mineral. 
1 

Nature of 
grant. Area in acres. 

Date 01 

1 OTiiinence* 
ment. 

Term. 

Sambalpm. (35) Soth PiUiinmal 
[ Marwari. 

Mica . • . . P. L. 80*98 20bh Decem¬ 
ber 1021. 

1 vear. 

Santhal Par- 
ganas. 

(36) Babo Jetba 3lQ]ji . | Coal . . M. L. 5 1st April 1921 

1 
2 years. 

Do« • (37) Babn Bhudhar | 
Chandra De. 

Do. . « . M.L. •99 l8t April 1921 Da 

Do. . (38) Do. Do. . • . M. L. •99 1st April 1921 Do. 

Do. . (39) Bahu Blood Bihori 
Da. 1 

Do. . . M. L. 
1 

2-15 1st April 1921 
, 

Da 

Do. . (40) Babn (Jlriab (aumOra 
Mandol. 

Do. . • . M. L. •93 Ist April 1921 Do. 

Do. . (41) Do. Do. . . M. L. 216 Ist April 1921 Do. 

Do. . (12) Do. Do. . . M. L. 1-62 Ist April 1921 Da 

Do. . (43) Babn Bans! Bam 
Marwari. 

Do. « * . M. L. 1-9 1st April 1921 Do. 

Do. . (44) Do. Do. . . . M. L. •3 1st April 1921 Do. 

Do. . (4.1) Babu Ganga Bam 
Marwari. 

Do. . . M.L. 2'6 1st April 1921 Do. 

Do. . (46) Babu Bbudbar Chan¬ 
dra De. 

Do. . . .M.L. 1-64 1st August 
1921. ! 

1 year am 

8 months 

Singhbhnm • (47) ^abu Jogendra Chromite . 
5ath Boy. 

. P. 1. 172 15th January ! 
1921. , 

1 year. 

Do. « (48) The VflUera Colliery Iron Ore . 
Company, Ltd. 1 

. P. L. 371-20 9th Pebniary 
1921. 

Do. 

Do. . 1
 

1
 

1
 

Manganese • . P. L. 72 20th April ; 
1921. 

1 Do. 

Do. • (50) TheVUIiers CoOiery 
(^0., Ltd. 

Iron Ore « . P. L. 620-8 ' 9th May 1921 1 Da 

Do. . 1 (31) Babu Bajanikanta 
Pattodar, M.B.B. 

Do. • . P. L. 2,560 11th June 
1921. 

Do. 
1 

Do. . (32) Messrs. Byramjoe 
Pcstonjee and Co. 

Do. . , P. L. 1,798*4 13th May 
, 1921. 

Do. 
} 

Do. . (53) Babn BaJani Kanta 
Patlador, 3LB.E. 

Chromite . . P. L. 1,004*8 13tli May 
1921. 

{ Do. 

Da - (54) The Nagpur Clay 
Ca, Ltd. 

Ah minerals . J P. L. 529-60 License not ^-et 
exeecuted. 

I Da 

Do. . (53) The Orissa minerals 
Develomment Com¬ 
pany, Ltd. 

Iron Ore and 
manganese. 

. M. L. 

j 

2,624 Lease not yet 
executed. 

' 80 years 

i 

Do. . (56) Mr. A. N. Paston 
Jmea. 

Iron Ore « 0 ‘ P. 1, 
1 

• LUO 8tb Decem¬ 
ber 1921. 

j 1 year. 

Do. . (S^TIm^agpur Cflay ABmlneials 
1 

. ' P. L. • j 3,140*71 23th Novem¬ 
ber 1021. 

j Do. 

P. h^^ProspBcting llcmse. Ime* 
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BOMBAY. 

\ Xmmm, Grantee. Mineral. Nature of 
I grout. Area in acres. 

Date of 
commence- 

raent. 
Term. 

Btfgftnm . 

Savuitwadi 
State. 

(58) 31CS9I8. Tata & Sons 

(59) Messes. DaJehand 
Baliadtir Singh of 
Calcutta. 

Manganese 

Bauxite 

P. I. 

P. L. 

409-65 

620 * 

10th January 
1921. 

License n<>t 
yet execute l. 

lyear. 

Do. 

BURMA. 

JUcyab (60) Messrs. Tlie Indo- 
Buima Petroleum Co., i 
Ltd. 1 

Mineral oil P. L. . 
(renewal.) 

5,440 15th Decern- 
bti 1920. 

1 year. 

Do. (61) Messrs. The Indo- 
Buima Petroleum Co. 

Do. • P. L. 1.280 22od April 
1921. 

Do. 

AxDbent . (62) Manng Sa^ ^laung 
and Ma Kywo. 

All mineralB (ex 
cept oil). 

P. L. 640 2l8t March 
1921. 

Do. 

Bo. (83) 3Cr. A. C. Jeea-a . Do. P. L. . 640 15th March 
1921. 

Do. 

Do. (64) Manng Ba Han Do. P. L. . 1,830-88 21st June 
1921. 

Do. 

Do. (65) £. B. I. Solomon . Do. P. L. , 1,280 29th June 
1921. 

Do. 

Do. (66) K.P. M. K. Nara- , 
yan Chetty. | 

Do. ‘ P. L. . 2,240 11th J one 
1921. 

Do' 

Do. (e^Meu^. Cooksou <& | Do. jp.i. . 319 28rd June 
1921. 

Do, 

Do. (68) Mr. R. A. Park . ^ DO. P. L. . 960 7th June 
1921. 

Do. 

Do. (69) K. P. M. K. 
J^arayan Chetty. 

Do. P. L. . 1,280 11th Juno 
1921. 

Do. 
1 

Do. (70) fcaw Lein Lee Do. P. L. 
(renewal). 

640 5th April 
1921. 

* Do. 

Do. (71) A. C, Jeewa , Do. P. L. 
(renewal). 

640 8th May 1921 Do. 

Do. (72) Messri*. The TaJuiUg 
Exploration byndieate. 

All minerals P. L. . 
(renewal). 

2,880 10th Novem- 
].i r 1921. 

2 y^ars. 

Do. , (78) Dr. M. Shawloc . All minerats (ex 
cept oil). 

, P. L. . 
(renewal). 

040 2lHt January 
1921. 

1 year. 
1 

Do. (74) Saw £u Hoke j Do. 
1 

; P. L. . 4,4Se) 17th X’ebniary 
1921, 

Do. 

Do. (75) Miiung Po Thine tk 
1 One. 

^ Do. P. L. . 1,280 26ih Septem¬ 
ber 1921. ^ 

Do. 
1 

Do. , 1 (76) M. E. Moolft 
1 

Oil shale j , P. L. . .22,822-4 
1 

27th August 
1921. 

Do. 

Do. 
! 

(77) 51aung Choon 

1 * 

AU minerals (ex 
cept oil). 

' P. L. . 640 Slst August 1 
1921. 1 

' Do. 

P. Ih’^Prospecling IkejM. 
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BUElilA.—conJ^. 

SibIBICI. 

1 

Grantee. Mineral. Eature of 
giant. Area in acres. 

Date of 
commence¬ 

ment. 
Term. 

Amherst . 

Do. 

(75) Messrs. Balthazar & 
Son. 

(79) Mrs. M. M. Hla 
Aung. 

AH niineralsi (ix- 
cept oil). 

Do. 

P. L. 

P. 1. . 
(renewal). 

640 

2,880 

1 
0th Septem¬ 

ber 1921. 
16th No\ em¬ 

ber 1920. 

1 jear. 

Do. 

Do. /QIW TT 1* V 
iraiayan Cliettj. 

Do. P. L. 
(renewal). 

320 .'ith 
1921. 

D . 

Do. (81) Maung On Maung . All mmeralh P. L. 1,280 5th Decem¬ 
ber 1921. 

Do. 

Do. 

Henzada . 

(82) Sau Lein lee 

(S3) Ml. L. D'Attaides . 

1 Do. 

All minerals (ex¬ 
cept oil) 

P. L. 

P. L. 

640 

148-&0 

1st Eovem- 
1 or 1921. 

8th Juno 1921 

Do. 

Do. 

Do. (84) Mohamed Edrles . Mineral oil. P. L. 2,042-50 12th April 
1921. 

1 

Do. 

Do. (55) Ml. L. D'Attoides . All minerals (ex¬ 
cept oil). 

P. L. 
(lenewal). 

1,020 11th April 
1921. 

2 years. 

Do. (56) Su Kwin Ping Mineral oil. P. L. 7616 9th Septem¬ 
ber 1921. 

1 year. 

Do. (87) 1* Po Tha . Coal . P. L. 7,638-4 5ih Septem¬ 
ber 1921. 

Do. 

Do. (88) Messrs. H. Abdul 
Shakoor Hajee Cassim 
and Sons. 

All ndneralb In¬ 
cluding mineral 
oil. 

P. L. . 2,560 26th Septem¬ 
ber 1921. 

Do. 

Eatha , (89) Ma Ma All minerals (ex¬ 
cept oil). 

P. L. 1,280 Otli May 1921 Do. 

Do. (90) Ma Kyaw . Do. P. L. 1 640 7th May 1021 Do. 

Do. (01) Chau Chor Ehine . Do. P. 1. . 2,984 24th March 
1921. 1 

Do. 

Do. (92) Maung Shu Maung Do. P. L. . 960 ISth June 
1921. 

Do. 

Do. (03) Do. . Do. P. 1. . 040 3l8t May 
1921. 1 

1 

Do. 

Do. (91) Jamal Brothers & 
Co. 

Do. 1 P. L. 
1 

27,863*6 81bt August 1 
1921. 

Do. 

Do. (95) Maung Po Hte Do. P. L. . 2,580 
1 

23rd August 
1921. 1 

Do. 

Do. (96) Maung Pan ^>0 . Do. ’ P. L. 640 20th October 
1921, 

Do. 
1 

Do. (97) Maung Po Hto Do. P. L. . 
1 

3,200 21t>t Septem¬ 
ber 1921. 

1 
Do. 

1 

Do. (98) Eo Ko Oyl . Do. P. L. 
1 (renewal). 

3,840 12th August 
1921. 

Do. 
i 

Eyaukpsru. (99) Messrs. The Burma 
Oil Go., ltd. 

, Mineral oil. I r. 1. . 
(renewal). 

2,106*6 I 27th hlay 
‘ 1921. 
1 

2 yeBOi 

Eyankse . (100) Maung Aung Eo . All minerals (ex¬ 
cept oil). 

‘ P. L. . 2,660 8th Vebmazy 
j 1921. 

j 1 yew. 
1 

P. t.^Pmptcfing Ucmte, 
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BUEMA—contd. 

Diszbiot. ^ Grantee. Mineral. Bature of 
grant. 

Area in acres. 
Date of 

’ commence- 
{ ment. 
I . 

I Term. 

Lower C3iin- 
dwm. 

(101> Mr. Lawrence 
Dawson. 

Mineral oil . • P. L. 3,008 17th Feb¬ 
ruary 1921. 

1 year. 

Do. . (102) Indo-Burma Petro¬ 
leum Co. 

Do. • P. L. 9,920 23rd August 
1021. 

Do. 

Ito. . (108) Do. Do. • P. L. 3,200 23id August 
1921 

Do. 

Do. . (104) Do Do. • P. L. 6,553-6 19th Septem¬ 
ber 1921. 

Do. 

Do. . (105) Do. Do. • P. L. 5,248 2nd Septem¬ 
ber 1021. 

Do. 

Do. . (IOC) Do. Do. • P. L. 3,200 25th October 1 Do. 
1921. 

Do. . (107) ^reatsrs. The Burma 
Panance and Mining 
Co., Ltd. 

All nainerals m- 
dudmg mineral 
oil. 

P. L. 16,480 13th Octobci 
1921. 

Do. 

Do. . (108) Do. Do. P. L. 9,440 13th October 
1921. 

Do. 

Do. . (109) Messrs. The lndo« 
Burma OU-flelda (1920), 
Ltd. 

Mineral oil. P. L. 2,560 18th October 
1921. 

Do. 

Do. . (110) Do. Do. P. L. 1,280 13th October 
1921. 

Do. 

Do. . (Ill) Messrs. I n d o- 
Burma Petroleum Co., 
Ltd. 

Do. P, L. 8,960 12th Decem¬ 
ber 1921. 

Do. 

DO. . (112) Maung Kljan Do. . P, L. 
(renewal). 

0,600 25th October 
1921. 

2 years. 

Uftgwe ai3) MaimgPoKin . Do. P. L. 1,230 7th March 
1921. 

1 year. 

Do. (114) Maung Po Tun . Do. P. L. 1,280 Do. Do. 

Do. (115) Do. Do P. L. 960 15th March 
1921. 

Do. 

Do. (116) Mr. G. H. Surty. Do. P. L. 
(renewal). 

640 21st rob- 
ruary 1921. 

Do. 

Do. (117) Maung Po Aung . Do. P. L. 640 26th May 
1921. 

DO. 

Do. (118) Dnion Oil Com. 
pany. 

Fetrdeum . P. L. . 1 960 20th August 
1921. 

Do. 

Do. (119) Sasson Solomon . 

1 
Do. P. L. 640 1 14th July 1 

' 1921. 
Do. 

Do. . 1 1 (120) H. B. Mftlln Do. P. L. 640 20th August * 
1921. 

Do, 

Do. 1 (121) Maung Bin . Gold . P. L. 300 2l3t August 1 
1921. 

Do. 

Do. 1 (122) Burma Oil Oo. . 

1 
Petrdeum . 

1 

P. L. 

1 

2,269-2 26th Jane 
1021. 1 

Do. 

P. L.wPro«jP0ef£n; Lieeme, 



Part 2.] Fermor : Mineral Production^ 1921, 169 

BUBMA—contd. 

Disxeici. <jiautee. Mineral. Sfatnre of 
grant. Area In acres. 

Date of 1 
commence- < 

ment. j 
Term, 

1!Iaswe (123) Maimg Po San Petroleum . F. L. C40 9th June 
1921. 

1 >ear. 

Do. (121) M. E. MoolU Mineral oil . P. L. 1,050 18th Juno 
1021. 

Do. 

Do. (125) Messrs. The Burma 
OU Co. 

Do. M. L. 1,920 1st August 
1919. 1 

30 years. 

Do. n20) 31jaung ifaung Pe. Do. P. L. 1,280 16th ITovem- I 
ber 1921. 

1 year. 

Do. (127) Mr- A. Davies . Do. P. L. 2,880 Do. Do. 

Do. (128) Abdul Bahman . Do. P. L. 76 11th Novem¬ 
ber 1921. 

Do. 

Do. (129) Do. Do. P. L. 640 Do. Do. 

Do. (130) Jaflfer All Tar 
3fahamed. 

Do. P. L. 640 5th Decem¬ 
ber 1921. 

Do. 

Do. (131) Messrs. The Union 
Oil Co. 

Do. P. L. 
(renewal). 

20,480 21st January 
1921. 

2 years. 

Do. (132) Messrs. The Burma 
Oil Co., Ltd. 

Do. P. L. 
(renewal). 

3,840 2ud June 
1921. 

1 year. 

* (133) Messrs. The Burma 
Mines, Ltd. 

Iron ore P. L. 3,640 17th Jnae 
1921. 

Do. 

Do. 1 (134) Sir Abdul Jamal All minerals (ex¬ 
cept oil). 

P. L. 3,200 2Dd June 1 
1921. 1 

Do. 

Do. (135) Messrs. Steel Bros. 
<fc Co., Ltd. 

Do. P.L. 

1 

2,560 1st October 
1021. 1 

Do. 

Mer^i , I 1 (136) Mr..A, 0. 0. Rogers Do. ' P. L. 1,878*92 
1 

14th Janu- 
ar^ 1921. 

Do. 

Do. (137) Messrs, Tho Burma 
Pmanoe and Mining 
Co.. Ltd. 

Coal P. L. j 1,076-32 

1 

7th January 
1921. 

Do. 

Do. (138) Do. . Do. . . ! P. L. 1,109-60 Do. Do. 

Do. (130) Mr. 0. Chon Shwe All minerals (ex¬ 
cept oil). 

P. L. 547-84 20th Decem¬ 
ber 1920. 

Do. 

Do. (140) Mr. S. 0. Holmes Do. P. L, 1 024-64 
1 

7tlr Mbirch 
1021. 

Bo. 

Do. (141) Miaung Choon Tin and allied 
1 minerals. 

P. L. 
(renewal). 

' 25-37 22nd Novem¬ 
ber 1920- 

6 months* 

Do. (14^) Saw Lein Lee Do. 
1 

P. L. 640 27th June 
1021. 

1 ^ear. 

Do. . j 1 (148) Mr. 3. O. Holmes 1 All minerfOs (ex- 
' oeptoil). 1 

P. L. 327-68 let April 
1021. 

Do. 

Do. • ' (144) Tho Merga Tin 
1 Dredging Co., Ltd. 

{ Do. . . 1 P. L. 240-04 7th April 
192}. 

Do. 

Do. 1 (145) Mr. m:. E. Bhymeah 1 Do. 

» 

P. L. 
(ranewal). 

414-72 1st Deoeaibet 
1920 

Do. 

1 

F. L.^JPivtp«aiHff Lictrue, M. ^«ue. 
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BVEMA—eontd. 

[VoL. LIV. 

Bisteict. 
-r 

Grantee. | ^Itneral. 

i 
Katureof i 

grant. Area in acres. 

1 
Date of 

commence¬ 
ment. 

Term. 

Ujeniai (146) Mr. W, H. Olirenfc 

1 
All mmeiols (es: 

cept oil) 
P. L. 
renewal) 

288-72 l«»th Jann- 
ar\ 1921. 

1 \eir. 

Bo. (147) Do. , . ( Do. P. L. .! 
(renewal). | 

442-88 Do. Do. 

Do. (148) Matmg Po Thaik Till and Woltom PL. 
nncwAl). 

480 40 l*th February 
1021 

6 months. 

Do. (140) Anng Scin Srial All minerals (ex¬ 
cept oil). 

P. L . J 
(renewal). 

2,088-06 12th Janu¬ 
ary 1021. 

1 year. 

Do. . ^ aSO) air. Chas EUls . Tm P. L. 
(renewal). 

701-44 5th Ma\ 1021 Do. 

Do. (151) LimSliam . Tm and Wolfram P. L. 
(renewal. 

517-66 17th Febiuan 
1921. 1 

Do. 

Do. (152) H. V. Lovi 
& Co., Ltd. 

All minerals (ex¬ 
cept oU.) 

P, L. 
^.renewal.) 

814-08 16tli August 
1021. 

Do. 

Do. (150) Do. . Do. . P. L. 
(renewal). 

1,433 60 Do. Do. 

Do, (154) Do . Do. . P. L. 
(renewal). 

1.889-28 Do. Do. 

Do. (133; Mating Po Thaik Tin and Wolftam P. L. 
(renewal). 

486 40 18th August 
1931. 

6 months. 

Do. . I (156) Mr. C. Chan Shwe ' All minerals (ex- 
j cept oil). 

P. L 
(renewal). 

2,36288 6th heptem- , 
her 1921. ' 

1 year. 

Do. (137) Manng D. Gyi Tin and allied 
mineral. 

P. L. 
(renewal). 

C40-00 4th October 
1921. 

Dk). 

Do. (158) Mr. C. Chan Shwe 
1 

All ndn^rak (ex¬ 
cept od). 

P.L, . 
(renewal). 

1,361-68 

j 

2n(l lebruary , 
1921. 1 

Do. 

Do, , ' 1 (139) A. 9. ^lahomed Tin, Wolfram and 
allied minerals. 

P. L. 
(renewal). 

' 3,008 18tli March l 
1921. 1 

Do. 

1 
Do. (160) M<^rs. H. V. Low 

I A Co., Ltd. 
All minerals (ex- 

1 cept oil). 
, P. L. 
1 (renewal). 

' 1,203 30 9th Septera- 
l er 1920. | 

Do. 

Do. 1 (151) 3D. T. Greenhotn 

I 

* Tin and W'oltram P. L. 
(renwtti). 

’ 104 66 14tli March 
1021. 

Do. 

Do. (162) Slamig Choon 

1 
' Tin and allied 
1 mineral^. 

1 P. L. 
j (renewal) 

25 37 23rd Maj 
1921. 

1 6 months. 

Do. (163) Messrs. The Moi^ 
Tm Dr^gtng L'o,, Ltd. 

) Tin and WolhrAm , 3L L 

1 

1 110 40 19th May 
1917. 

30 years. 

Do. (164) Do. . 1 All minerals (o\- 
‘ cept oU.) 

M. L. . 158-80 

j 

24th Feb¬ 
ruary 1919. 

Do. 

Do. (166) Yew Shwe Ki Do. . M. L. 1 1,518-31 
1 

5th 3la5 1910 Do. 

Do. a66) Mr. W. D. Ahznn ^ Tin . P. L. j 3,276-80 Sth August 
1021. 

1 year. 

Do. (167) Mr. W. H. OUvftnt 1 All minerals (ex- 
1 cept 01^), 

P. L. 2,046-80 1 SOth July 
1021. 1 

Do. 

P. h.^ProiP9et^g InctaK, M. Iu=sJ/iM>^ lease. 
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BURMA—covbtd. 

DISTEIOT. 

1 

Grantte- 1 
1 

Mineral. | Nature ot 
grant. 

1 

t 
Area in acres. 

Date ot j 
commence- | 

menr. j 
Term. 

Mergul 

Do. 

(168) Hr. J. T. Doupo . 

(169) Messrs. The 
Bunncse Minerals Ex¬ 
ploration, Ltd. 

Tin . 

Do. . 

P. L. 

P. L. 

1 

640 ! 

519*68 I 

1 

i 
10th August 
3921. 
oOtli July 

1921. 

1 5 ear. 

Do. 

Do. (170) air. V. A. H. 
'Sutherland. 

Cossiterite and 
gold. 

?. L. . ' 640 1 22ud July 
1921. 1 

Do. 

Do. (171) Messrs. The aft k{u1 
Tin Dredgitiu Co.. Ltd. 

Wolfram and tin P. L. 
(ionn\al> i 

2,150*40 j 2nd Novern- 
ber 192(1. 

Do. 

Do. (172) Mnung Pe Kin . Wolfram, tm and i 
allied minerals.. 

P. I. 
(renewal). 

250*88 j 6th Peb- 
ruary 1921. 

0 months. 

Do. (173) Do. . Do, . P. L. 
(rciioaal). 

788*48 D... Do. 

Do. (174) Messrs. Tlie aierofui 
Tin Dredging Co., Ltd. 

Tin and allied 
minerals. 

P. L. . . 
(renewal). 

1,802*24 lOtli i’eb- 
niarj 1921. 

1 year. 

Do. (175) Mr. J. F. IcMli' . 

1 

AU mineral-, (ex- ! 
cept oil). 1 

P. L. 
(nmewal). 

79&-72 18th Pel>- 
niary 1921. 

6 months* 

Do. (170) Mr. Charles Kitchen Do. . . , P. L. 
(renewal). 

716*80 28th May 
1921. 

1 y&a. 

Do. (177) Mttung E Qyl . * Tin and allied 
minerals. 

P. L. 
(renewal). 

588*80 14th May 1021 . Do. 

Do. (178) Maung Po Thaik 

1 

Tin . . . P. L. 
{renewal). 

60*30 10th Jane 
1921. 

Do. 

Do. (179) Messrs. aiie 
Lclbaoak bjiiidicote, Id. 

AU minerals (ex¬ 
cept oil). 

P. L. 
(renewal). 

1,239*04 21st May 
1 1021. 

Do. 

Do. (180) Mr. T, Orw*nhO\v ' Tin and Wolfram P. L. 
(renewal). 

4,597*70 1 14th July 
1921. 

I'O. 

Do. (181) Maung Pe Kin . 1 
1 

Wolfram, tin and 
aUicMl miaends. 

P. L. 
(renewal). 

2a0*b& Otli August 
1921. 

0 months. 
1 

Do, (182) Do. . Do. . . P. L. 
(renewal). 

78&-4& Cth Atigust 
1921. 

Do. 

Do. (183) Saw Lein Lee Tin and allied 
minoralb. 

P. L. 040 

1 

27th Juno 
1021. 

1 year. 

Do. (164) Mr. A. E. Ahmed Wolfram, tin tma 
AUled. minerals. 

P. L. 1 844*80 10th beptem- 
bor 1921. 

Do. 
1 

Do. , (185) Maung San Don . 
{ 1 

Do. . P. L. 1 1,120 27th October 
1921. . ^0* 

Do. t (180) Mr. A. C. Martin 
I 

All mlnemls (ox- 
[ cept oU), 

P. L. * 2,060*80 28tU October 
1921. 

> Do. 
t 

Do. • (187) Mr. Chan Khain 
Lock. 

Do. . . P. L. ' 2,180*24 14th October 
1921. 

Lo. 

Mlabu (188) Messrs. The 
British Burma Potro* 
letim Co., Ltd. 

1 Mineral oU . 

f 

M. L. . 471‘72 3rd August 
1910, 

' 30 years. 
1 
1 

Do. (180) Messrs. The Union 
Oil Co., o£ Buima, Ltd. 

Do. . . P. L. 3,108 17th Peb- 
ruaiy 1921. 

' 1 year. 

P. I/iame, ZfOfe. 
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BURMA—conti. 

[VoL. LIV. 

District. 
1 

Luantec. Mineial. Nature ot 
grant. Area in acres. ^ 

Date ot 
commence¬ 

ment. 
Term. 

MJnbu (190) Mcssn. Tho Irra¬ 
waddy Petroleum Oil 
Syndicate, Ltd. 

Mineral (^1. P. L. 040 
(block 10 S. 
in Minhn 
on fiold). 

5tU March 

1 

1 ’oar. 

Do. (191) Mr. A. Eahim . Do. P. L. 2,904 Srd March 
I 1921. 

Do. 

Do. (19^ ^tc. All Hashlm 
Mehtar. 

Do. P. L. 408 14th March 
1921. 

Do. 

Do. (193) Mr.ir.G.H.Surty Coal . P, L. 
(renewal). 

4,857-6 1 28th Jan- 
1 uoiv 1921. 

Do. 

Do, 1 (194) Mr. Yeo Eng Byon Do. . 
j 

P. L. 
(renewal). 

1,542 Da. Do. 

Do. (196) Mosare. The Bn«sh 
Burma Petroleum Co. 

Mineral oil . 
1 

P. L. 
(renewal). 

388 12th Febru¬ 
ary 1921. 

Do. 

Do. (196) Irrawaddy Petro- 
IcuTO. on Syndicate Ltd. 

Do. P. L. j 23-76 leth July 
1921. 

Do. 

Do. (107) Maung Tha Ya , 

i 

Do. P. L. 820 
(bbek 3 S. 
in Minbu 
on Held). 

6th July 1921 

1 

1 

Do. 

Do, (108) Do. , Do. P. L. ] 160 
' Acres in block 

10 S. in 
Minbu oil 
field. 

1 Do. Do. 

Do. (199) Yomah Ofl Co„ 
(1920) Ltd. 

1 Coal . * . P. L. 
(zeoewaQ. 

4o0 1st AprU 1021 Do, 

Do. (200) Messrs. The Union 
on Co., Ltd. 

Mlseralon . P. L. 
(renewal). 

3^400 , 8th Janu- 
> ary 1021. 

Do. 

Do. (201) Mr, Sulaiman Do. 

» 

P. L. 
(renewal). 

1 

320 
(Norther n 

halt ot 
block 16 K 
m the Minbu 

1 6th May 1621 Do. 

Mj^ngyan . (202) Messrs. The Union 
Oil Co. 

Do. P. L. 
(renewal). 

6.7^0 17th Septem¬ 
ber 1920. 

j 2 years. 

Do. . (208) Messrs. TheBuima 
Oil Co., Ltd. 

Do. . P. L. . 2,960 ’ 24tli June 
1921. 

1 year. 

1>0. (204) Do. , , DO. . . P. L. 4,107.52 29th June 
1921. 

Do. . (205) MaungKyi I Do. . . P. L. 
(renewal). 

1 81-50 7th May 1921 Do. 

Do. (206) Messrs. Burma Oil 
Co., Ltd. 

♦ Do. . . P. L. 1,138*4 ITthSeptem- ! 
1 bez1921. 

Do. 

Do. (207) Messrs. H. H. 
Johnson ds Co. 

j Petroleum . , P. L. . j 1,920 1 22nd Septem- 
1 berim* 

Do. 

Do* . (20S)MauiigMet, 1 inneraloil. P. L. j 1 Srd Novem- 
1 her 1921. 

DO. 

P. Lieeme^ 
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BURMA—con<<?. 

Bistpici Grantee 

1 

'Mineral. | 

1 

JSMture of 
ffiant Aieiinacre^ 

Date of 
commcuee- 

mtiit 
Term 

AljitkMii'a . (200) Messrs IheTa^oj 
Iin ndicate. 

1 
All minerals (ex¬ 

cept oil) 
P 1 
(n ue^al) 

4,son 6th August 
1021 

1 va** 

Xortiiern 
Shan 
States 

(210) Messrs Trank 
Johnson Sons & Co 

Do. . 

1 

P.L 2,5b0 Augu>t 
1921 

Do 

Do . (211) Messrs Hamid & 
Co 

Coal, copper and 
galena. 

P.L 8 200 1st Sptember 
1021 

Do. 

Do . (212) Messrs The Coal 
Ihelds of Burma, Ltd. 

All minerals (ex¬ 
cept oil) 

P.L 3,840 Ibt Octoi cr 
1921 

Do 

(218) Baijnath Singh . Mineral oil P.L 2,400 2Sth March 
1921 

Do 

Do (214) Messrs. J. A. 
Beghie &Co, 

Do. P.L 843 10th Pobniarj 
1921 

Do 

Dc . (216) Mr. C M. Surty . Do. . . 1 P.L 640 11th kLiich 
1921 

Do. 

Do. . (216) Manng Po Kin . Do. . . 1 P.L 100 10th Febiu- 
arv 1921 

Do. 

Do . (217) Messrs The Indo- 
Burma Petroleum Co., 
Ltd. 

Do. . . 1 P.L 800 4th Tcbruary 
1921 

Do. 

Do. . (218) Messrs. The Indo- 
Burma Petroleum Co. 

Do . . 1 P.L 
(renewal). 

2,400 17th Oitober 
1920 

Do 

Do. . (219) Maung Maung Pe Do. ^ P.L 100 20tli ’’lay , 
1921. 

Do. 

Do. . (220) Baijnath Singh . Do. . P.L. . 4,14b 3 i 18th June 
1921. 

Do. 

Do. . (221) Ma Zan Do. P.L 100 39th June 
1921. 1 

Do. 

Do. . (222) Messi--. Prank 
Johnson Sons & Co., 
Ltd 

Do. . . j P.L . 1,920 

1 i
 Do. 

Do. . (223) Do. . Do. P.L. 5,760 Do. Do. 

Do, . (224) Do. . Do. P.L 1,920 Do. Do. 

Do. . (225) Messrs HathSmgh 
OUCo. 

Do. P. L. 
(lonewal) 

2,240 16th 3£ay 
1921. 

Do. 

Do. , 

Do. . 

(220) Do. . 

(227) Manng Hmon and 
Mating Thin. 

Do. 

Do. 

P.L. 
(renewal). 

p;l. . 

12,309 36 

100 
Acres In width 

Eastern por¬ 
tion of de¬ 
marc a t e d 
block Ho. 14. 

Otb June 1921 

Slst Angost 
1921. 

Do. 

Do. 

Do. (228) Do. . ‘ Do. . • P.L. m 
Aetes com- 
priMngWast- 
ecn half of 
block Ho, 70. 

Do. Do. 
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BUSMA—contd. 

[VoL. LIV. 

Disteict. ijirantce. Mineral. ifature of 
grant. 

1 
Area in acres. 

Date of 
commence- ] 

ment. 
Term. 

?a]bOk]m . (220) :\Ir. S. Solonian . ^ Mineral Oil 
1 

P. L. 
(renewal). 

9,280 ’ 2dril August 1 
1921, 1 

2 years. 

Do. , (230) Messrs. TheBritish 
Burma Petroleum Co., 
Ltd. 1 

So. . 

1 

M. L. . C-40 ! 
1 
1 

16th August 
1619. 

30 years. 

Do. . 
1 
1 

(231) Messrs. The Burma 
Oil Co., Ltd. 

Do, . 1 M. L. . 800 ' 
(Eastern hah es, 

or blocks 15 
and 16 and ' 
Eastern! 
quarter of 1 
block 17 in i 
the Yenang- i 
jat oil fields). 1 

7tli Novem¬ 
ber 1021. 

1 
1 

1 year. 

Do. . (232) ManugLuGyiGale j 

1 

1 

1 i 

Do. . . ' ' P. I. . 
(renewal). 

1 

1,280 1 

(Block 74 and 
area adjoin¬ 
ing thereto 
in the 
Tenanoyat 
oilfields). 

11th August 
1921. I 

Do. 
1 

Do. . (208) Mesbis. Ittdo-1 
Burma Petroleum Co., 

1 i 

, 1 
1 1 

Do. . 1 P. L. 
(renewal). 

2,400 

(Blocks 18. 
10, 20 and 
21 in the 
Yenangj’at 
oil fieliU). 

16th October 
1921, 

! 
j 

1 Do. 

1 

1 

Froiue 1 (234) Maung Bo 2<i . | Do. . . P. L. . 
1 

46 08 22nd Decem¬ 
ber 1921. 

1 Do. 
1 

Do. 1 (285)MauugMyatTliin 

1 

Do. . . P. L. 320 23rd Decem¬ 
ber 1921. 

1 Do. 

Do. 1 (236) MauugAungXyein 
1 

Do. . . P. L. . 
(renewal). 

409-60 Srd Septem¬ 
ber 1021. 

' Do. 
1 

Do. (237) Ma Nyeiu HU . Do, P. L. 
(renewal). 

123 24th August 
1921. 

Do. 

Sbwebo . (23b) Mr. M. B. MooJIa All minerals (ex¬ 
cept oil). 

P. L. 7,680 6th December 
1920. 

Do. 

Do. . (230) Messrs. Tlielndo- 
Burma Petroleum Co., 
Ltd. 

Mineral oil P. L. . 3,232 5th Novem¬ 
ber 1920. 

1 Do. 

Do. . (240) Messrs. Frank 
Johnson bons & Oo,, 
Ltd. 

All minerals (ex¬ 
cept oil). 

P. I. 

1 

1.920 18th Febru¬ 
ary 1921. 

Do. 

Do. . (241) Mr. Ellis . JHneral oil P. L. . 2,560 23rd Febru¬ 
ary 1921, 

1 Do. 

Do. . (242)KoKoGyl , 
1 
1 

All minerals (ex¬ 
cept mineral 
oil). 

j... . 640 23rd Decem¬ 
ber 1920. 

Do. 

Do. . ' (243) Messrs. The 
1 Burma OB Co., Ltd. 

Mineral oil. P. L. 
1 (renewal). 

' 7,040 dth December 
1920. ^ 

j 2 years. 

P. ’LraPioifitating Lieme. M. lease. 



Past 2.] Ebemok : Minerd Produdion, 1921, 

BUEMA—corUd. 

175 

District. iiiantee. 

1 
1 

Mineral Katnre of 1 
grant. | 

1 

i 
Area in acres. > 

1 

Date of 
commence- i 

ment 
Teim. 

Shwelio 
1 

(244) Messis Tae Emma 
Oil Co. Ld ' 

Mineral oil P. L. . j 4,160 
and 1 

7,993 6 1 1 

19th Ipril 
1021 

1 year. 

Do. . (24-)) An JanBa Do P. I. 100 
1 

31st March , 
1921. 

Do. 

Do. . (246) Aiaon^ Eyaw Do P. I. 
(renewal). 

100 14th Septem¬ 
ber 1921. 

2 years. 

fonthem 
Shan 
States. 

(247) Air. 0. A. Petley All minerals (ex¬ 
cept oil). 

P. L 1,702 7th January 
1921. 

1 year. 

Do. (248) AiaJTgweEynn .1 Do. . P. L. 
(renewal). 

320 14th June 
1910. 

2 years. 

Do. (249) Araung Shwe Tm . 1 Do. . . P. L. 
(renewal). 

80 13th Decem¬ 
ber 1920. 

1 year. 

Do. ^ (250) Maung Alaung . j Do. . . P. L 1,088 2nd May 
1D21. 

Do. 

Do. (251) r. Alyalng Daw 
Mi iL Sons. 

Antimony , P. L. 
(renewal). 

160 16th October 
1920. 

Do. 

Do. (252) Mr. Iim Chin 
Tsong, 

Lead , P. L. . 40 Ist Angnst 
1021. 

Do. 

Sagamg (25))MaMa Copper, Oliver 
and lead. 

P. L. 1,676 08 30th May 
1921. 

Do. 

Do. (234) Do All minerals (ex¬ 
cept oil). 

P. L. 2-50 20th Septem¬ 
ber 1921. 

Do. 

ravoy (253) aiaung Po Stk? i Do. , . P. L. 492 18th Janu¬ 
ary 1921. 

6 months. 

Do. (236) Messrs. W.tMoms i 
1 and M. Hangan. 

Do. . . P. I. 684 15th March 
1921. 

1 lear. 

Do. (237) OngHoe Ejin . Do , P. I. 614 38th Pehru- 
aiy 1921. 

Do. 

Do. (258) 3rr. C. Wathwoy . Do. . . P. I. C40 24th Janu¬ 
ary 1921. 

Do. 

Do. (230) Md. Aslam Khan Do. . P. X. 138 26th Fehru- 
nry 1921. 

6 months* 

Do. (260) OngHoe Kjia . Do. . 
i 

P. L. 
(renewal). 

1,113 10th Novem¬ 
ber 1920. 

1 year. 

Do. . (261) MaungMamig , ’ Do. . . 1 P. X. . 
j (renewal). 

1,059 4th Novem¬ 
ber 1021. 

Do. 

Do. . (202) 5Ir. J. J. A. Page Do. . P. X. . 
1 (renewal). 

142 26tb Janu¬ 
ary 1921. 

8 years. 

Do. . (203)MaTmg Po ^'ee 
I and Macng K1 Toe. 

1 Do. . 

{ j 

1 P. X. 
1 (renewal). 

455 1st January 
19S1. 

6. mouths. 

Do. . 1 (264) Mansg Xi Toe . Do, . P. X. 
(renewal). 

2,885 20tii Janu¬ 
ary 19*1. 

Do. 

p, L,aiPr{ap0^inff limte* 
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BXJEMA—coj!?(?. 

DISTEICT. Grantee. Mineral. Nature of 
grant. Area In acies. 

_1 

Date 01 1 

commence¬ 
ment. 

Term. 

Tavoy . i (265) Ma Thaw . . ' ' Ali minerals (ex¬ 
cept oil). 

PI. . ' 
(renewal). , 

686 28th Pehru- 
arj 1921. 

1 year. 

Do. (2C6) Qnah Cheni; Gnan Do. , . P. L. . ' 
1 

‘ 2o8 
1 

25th April 
1921. 

Do. 

Do, (267) Mr. B.C.ir.T^Mte 1 

1 

1 

Do. . P. 1. . 574 13th Jane 
1921. 

C months. 

Do. (269) Messrs. J. A. Ali 
Bios. 

1 

1 
Dc. . P. L. . 230 30th May 

1921. 
15 ear. 

Do. (2C9)Mr.T.FowJe I Do. . P. L. 307 4th Ma} 1921 Do. 

Do. • (270) MaunglTiToe . 1 
1 

Do. . M. L. . 1,104*08 1 20th Septem- 
' her 1917. 

30 years. 

Dc. 
1 

(271) Air. G. Lovell 
1 

1 
1 

1 
Dc. . P. 1. 

(renewal). 
476 20th Xoiem- 

bei 1920. 
2i jears. 
(The ori¬ 

ginal P. 
1 1 L. being 

for C 
months 

I only). 

Do. • (272) 2^1.^.0.17. Tnite Do, . P. I. 
J (reuenal). 

* 85b 
1 
1 

1st January 
1921. 

0 months. 

Do. 
• 

(27S) £.hooTunB5aii . Do. . P. 1, 
^ (renewal). 

558 aSrd Jann- 
1 ar} 1921. 

1 }ear. 

DC. (27t) Mr. E. M. Lefroj ho. . P. I. 
(renewal). 

i 800 
l 

ist June 1921 Do. 

Do. (273) Messrs. The Indo- Coal . P. I. * 750 I'^t June 1921 Do. 
Bnrma Tin Corporation, t 
Ltd. 

Do. (3?G) Messrs. The Indo- Tin « ,P.L.^ . 1 4 20tu beptem- Do. 
Tm corporation, ltd. bei 1921. 

Do. (277) Mr. W. C.Toms All nunemls (ex 
t cept oil) 

P. L. J 240 8th Angost Do. 
l‘»21. 

Do, (27&J Mr.M.Manekji ^ 1 CojJ , P. L., . 1,833 COth Auini'it Do. 
1921. 

Do. (270)111.5.0.17. Tnite | Ailimmeiali. (ex 
ceiit oil). 

P. L. 
1 

1 880 
1 

13tb August 6 months. 
1 1921. 

Do. (280) llanngManng • 
Do. . P. L. 287 

1 

22nd Jnh 
1 1921 

1 sear. 

Do. , ' (2S1 'Mr J. J. A. Page | Do. . P. I. j 3,18 ‘ 2l6t July Do. 
i 1021. 

Do. . 1 (282) Ong Hoe Kyin Do. . M. L. . 237*27 13th June 80 years. 
1 1019. 

Do. 
1 

, 1 (289) Ma Ma. 
1 1 

Do. M. k ' 46*88 2)rl Feb- Do. 
ruarj It 19 

Do. . Tata Bona, | Do. P. k 
(renewal.) 

595 1 lat April 1 >ear. 
j 1921. 

Do. . (285) Mean. BnlloQb Do. P. I. 640 18th June Do. 
Bros, & Co., Ltd. (renewal.) 1 1921. 

P. L.»Pro«})ecii«{f Ixcmt. M. %i g Uau, 
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BURMA-—cowf(?. 

Disteict. Grantee. j j Mineral. N'atureof * 
grant. Area in acres. 

Date of 
commence¬ 

ment. 
Term. 

Tavo\ (2S6) Ma Tai All nmerala (ex¬ 
cept oil.) 

P. L. 
(renewal.) 

610 

1 

8th May 
1921. 

1 year. 

Do. (287) Jles'srs. Tha Dun 
UBros. 

Do. P. L. ' 
(renewal.) 

1,088 9th June 
1921, 

Do. 

Do. (23S) Do. Do. S. L. 1 
(renewal. 

1 1>260 1 15th June 
1921. 1 

1 

Do. 

Do. 
1 

(280) lilr. E. C. N. Mte Do. P. L. 
(renewal.) 

358 ' Dt July 1921 
1 

Do. 

Do. (200) Maung ?o 'Mjcc 
and MAung Ni Toe. 

Do. P. L. 
(renewal.) 

296 1 

1 

1st Inly 1921 

1 

Do. 

Do. . 1 
1 

(291) ilaung N1 Toe . Do. P. L. 
(renewal.) 

307 ) 

1 

20th July 
1921. 1 

Do. 

Do. (292) Eu Shwc Swal . Do. P. L. 
(renewal) 

612 1 M July 
1921. 1 

Do. 

Do. (293) C. Soo Don Do. p.i. 
(renewal,) 

l,h92 Dt July 
1021. 

Do. 

Do. . ' (294) aiaung Po S^e . Do. 
1 

P. I. 1 
(renewal.) 

492 ' 
1 

18th July 
1921. 

Do. 

Do. . ' 
1 

(205) Mnhoiued Aslnm 
Ehau. 

Do. . ' P. L. 1 
(renewal.) 

138 25th August 
1921. 

Do. 

Do. (290) Maung Jia Oh . Do. P. L. 
1 (renewal.) j 

2,340 ' 
1 

7th October 
1921. 

Do. 

Do. (297) Mr. J, il. Manokjl no. 1 P. L. 
1 

, 1,106 27tli October 
1921. 

Do. 

Do. (298) Me's'iis. Steel Bros. 
^ Co., JLtMi. 

Do. • M. L. 80M4 ^ 19tli July 
1 1917. 

30 years. 

Do. (209) Hessre. The High 
Speed Steel Alloys 
Mining Co., Ltd. 

Do. M. L. . 

1 

2,105>86 20th April 
1917. 

1 

Do. 

Do. 1 (300) Messrs. The London 
and Burmese Wolfram 
Co., Ltd. 

Do. , M. L. 

1 

2,108-61 1 15th March 
1 1918. 

Do. 

Do, (301) Messrs. The Bom¬ 
bay Bnnoah Trading 

t Corporation, Ltd. 

Do. . M. L. 
1 (dredj^g 
1 leased) 

j 

250-91 2nd February 
1920. 

15 yean, 

Do. (302) Mating Me . Do. ‘ P. L. 
(renewal) 

640 1st Sep¬ 
tember 1921, 

1 year. 

Do. (308) C. Wa Thway . Do. • 
1 

P. L. 
(renewal.) 

' 1,247 l8t Se^ 
tember 1921. 

Omonibs* 

Do. (304) Mtnng Maung . Do. P. L. 
(renewal) 

2,048 1st October 
1921. 

1 year. 

Do. (305) Do. Do. P. 1. 
(renew^ 

256 
1 

20th October 
1921. 

6 months*' 

Do. (306) Do. Do. P. L. ^ 
1 (lenewaL) 

j 

1,059 

1 

4th 
ember 1821. 

1 yeu. 

P. L,^Pmpef>ting jamss M. 
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BURMA—amt^. 

Djstbiot. Giantec. Mineral. Xatnreof 
grant. Area in acres. 

Dateot 
commence¬ 

ment. 
Term. 

miaton C307) Messrs. T. D’Castro 
& Bon. 

All minerals (ex¬ 
cept oil.) 

P. L. . 306>8 2l8t March 
1921. 

1 year. 

Bo. (808) Ma Lon . 
j 

Do. P. L. . 1,120 28th Poh- 
ruary 1921. 

Bo. 

Bo. 
1 

(809) Manng Tha Bun . Do. P. L. 1,171-2 Sth April 
1921. 

Bo. 

Bo* (810) Mr. A. J. Argent Do. • P. L. 819-2 4th April 
1921. 

Bo. 

Bo. (311)ManngPn . Do. P. L. 1,260-8 10th Sep¬ 
tember 1921. 

Bo. 

Bo. (312) Ma Bwa . Do. P. L. 
(renewal) 

2,060-8 20th Sep¬ 
tember 1921. 

Bo. 

Tbayetmyo 

1 

(813) Mamig Tnn Anng 
Qyaw. 

Mineral oil P. L. 100 18th May 
1921. 

Bo. 

Do. . ' (314) Mewrs. Indo-Bnrma 
OU-flelda (1920), Ltd. 

Do. P. L. . 2,560 1 12th July 
1921. 

Bo. 

Do. (815) Mes<na. Tbe Coal¬ 
fields of Burma, Ltd. 

Coal . P. L. 960 6th August 
' 1921. 

Do. 

Bo. (316) Messrs. The Indo- 
Borma Oil-fields (1920), 
Ltd. 

Mineral oil P. L. . 11,840 1 23rd July 
I 1921. 

Do. 

Bo. . (317) Do. Do. P. L. 
(renewal) 

6,080 17th August 
1 1921. 

Do. 

Bo. (318) Dm* • Do. P. L. . 
(renewal.) 

4300 1 6th October 
1921. 

Do. 

Toongoo . (319) Maung Manng • All minerals (ex- 
1 cept oil) 

P. L. 
(renewal.) 

148-48 1 27th January 
1921. 

Do, 

■Upper Ohiiid- 
1^. 

‘ (320) Messrs. Prank 
Johnson Sons Co., 
Ltd. 

Mineral oil and 
Coal. 

P. L. 

1 

1 1,824' 

1 

7th Peb- 
1 ruary 1921. 

Do. 

1 
Do. (321) Hr. 'W. B. Smith 

1 
Gold . ’ P. L. 

1 
• 2,400 
1 

nth April 
1921. 

I So. 

Do. (322) Messes. The Indo* 
Burma Petrdlenm cr*, 
Led. 

1 Hineral oil 

1 
* 

1 

3,840 16th May 
1921. 

f 1 
Bo. 1 (823) S. Solomon 

1 
Do. 1 P. L. 

f (renewal). 
1 2,560 1 29th April 

1921. 1 
Do. , 1 (324) Do. Do. P. L. 

(renewal.) 
8,200 ' 24th May 

1921, 
Do. 

Do. (325) Messrs. The Isdo 
Burma Petroleum Co>, 

1 Ltd. 

P. 2,660 12th Feb¬ 
ruary 1921. 

Do. 

Do. .. (326) Sir Abdul Karim 
Jamal, £t., C.1.B 

All inin«r«l» (ex¬ 
cept ^.) 

P. L. . ^ 2,560 22nd Decem¬ 
ber 1920. 

Do. 

Do. • (337) Messrs. The Indo- 
Buima Peti^eum Co* 
Ltd. 

Mineral oil P. L. j 12,800 12th Novem¬ 
ber 1920. 

Do. 

P. Xteefffr. 
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BUEMA—oonid. 

Bisirict. Grantee. Mmeral. K'ature of 
grant. Area m acres. 

Bate of 
commence¬ 

ment. 
lerj. 

Upper Chind- 
win. 

(328) Jlr. W. E. Snrith Gold and osso- 
dated minerals. 

P. L. 608 5th August 
1921. 

1 year 

Bo. . (j.^3) Bo. . Bo. P. L. 1,280 Bo. Bo. 

Bo. . (330; The Burma Finance 
'nd iOning Co, Ltd 

All miner<ils m- 
eluding mmeral 
oil. 

P. L. 8,730 8th Septem¬ 
ber 1921. 

Bo. 

Bo. . (331) The Coal-fleld^ ot 
Burma, Ltd, Uangoon. 

Coal . P. L. 1,632 15tb Septem¬ 
ber 1921. 

Bo. 

Bo. . (332) Do. Bo. P. L. 2,188-3 31st August 
1921. 

Bo. 

Bo. . (333) Messrs. Prank 
Johnson Sons 6, Co., 
Ltd. 

Mimral oil P. L. 6,176 5th October 
1921. 

Bo. 

Bo. . (334) Messrs. The OoaJ- 
fields ot Barma, Ltd. 

Coal . . . 1 
1 

i P. L. 10,284 8 26th Novem¬ 
ber 1921. 

BOf 

Bo. . (335) Messrs. Frank 
.Johnson bona Co, 
Ltd. 

Mineral oil IP. L. 3,078*4 26th October 
1921. 

Bo. 

Yametlun . (336) Messrs. Hojee 
4bdu] bhakoor Hajee 
Cassim Of Sons. 

All minerals (ex¬ 
cept oil.) 

P L. . 518*4 29th January 
1921. 

Bo. 

Bo. (337) Mr. B E. 
PcmandeA. 

Bo. P L. . 3,392 20fh Becom- 
bPr 1920. 

Bo. 

Bo. (338) Messrs. Halee 
Abdul Slukoor Hajec 
ECasim cV. Sons. 

Bo. P L. 
(renewal) 

1,779 2 Till January 
1921. 

Bo. 

OENTEAL PEOYINCES. 

Balaghat . (339) Messrs. Tata Sons, 
Ltd* 

Bauxite • P. L. 
(renewal.) 

533 Ist Feb¬ 
ruary 1921. 

1 year. 

Bo. <340) Bo. Bo« • • P. L. . 
(renewaL) 

325 Bo. . Bo. 

Ba (341) Bo. . 
• 

Bo. . » P. L. . 
(renewal.) 

65 Bo. Bo. 

So^ . (M2) Bo. . Bo. • P. L. 
(renewal.) 

20 Bo. Bo. 

Bo. . 1 (848) Bo. « Bo. P. L. . 
(renewal.) 

267 Bo. . Bo. 

Bo* • (844) Bo. Bo. * • P. L. - 
(renewal) 

151 Bo. Bo. 

Bo. (845) Bo. Bo. * . P. L. . 
(rfiDoewal.) 

116 Bo. Ba 

Bo. (346) Bo. Bo* • • : P. L. . 
(renewal) 

64 Bo. . Bo. 

B 2 
P# l(»a>Plro«|M0^ Liem«, 
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CENTRAL PROVINCES-cojiei. 

[Vox,. LIV- 

\ 
BISTRICT. I 

1 
ftrantlo. Jlineral. 

.1 
_1 

yatureof 
grant. 

1 

Area in acres. 
Date of 

commence¬ 
ment. 1 

Term. 

talatthat . (347) Messrs. TaU Seas, 
ltd. 

Dantite 
■| 

P. L. . , 
(renewal.) 

93 j 1st Peh- 1 
roan 1921. 

1 jear. 

Do. . (348) Do. Do. 
■ 1 

P. L 
(renewal.) 

96 ’ Slsfc Deoem- 
bei 1920 j 

Da 

Bo. . ' (349) Do. Do. '1 P. L. 
(renewal.) 

OS PO. Do. 

Do. . (330' Do. Do . 1 

1 
P. L. 
(renewal.) 

107 Do . ' 
1 

Do. 

Do (331) Pandlfc Eew»- 
s'unlrcr. 

Mananest . 1 M. L. . 73 9th Teh- , 
luarj 1921. | 

10 years. 

Do. (352) Do. Do, 
1 

P. L. . 81 11th Peh- 
ruary 1921. 

1 year. 

Do. . 1 (3 >3) Seth Gowardhan Do. M. I. . 28 6th Jannary 
1921 

15 years. 

Do. . (334) Do. Do. 
• 

M. L. 19 Drd Jannary 
1921. 

5 years. 

Do. (335) Do. Do. 
1 

P. L. A 9th March 
) 1921. 

1 year. 

Do. 036) Mr. C. S. Hairis . Do. M. L 14 4th January 
1021 

30 yearsk 

Do. . ' ( (357) Do. Do. P L, 0 14th March 
1921 

L year. 

Do. . j (358) Shriram . Do. 
1 

M. 1. 
1 

58 6th Maiih 
1 1021 

lo veats. 

Do> • (839) Central India 
Mining Company, Ltd. 

Do. j P. L. 09 10th March 
1921. 

1 5 car. 

Do. . (360) Mr, ’Balkrishna 
Narayan Soparkar. 

Do. 1 P. L. 
1 

' 77 

} 

16th reb- 
ruaiy 1921. 

1 year. 

Do. 1 (301) Do. , Do. . 1 P* D . 1 430 Do. j Do. 

Do. (362) Do. Do. . 1 P L. 133 1 • Do. 

Do. (303) Do. Do, . P. L. 1 278 1 Do. Do. 

Do. . 1 (364) EoISaWhChajJoo 
ram. 

Do. • P. L. 1 102 
1 

1 29th Jannary 
' 1921. 

Do. 

Do. . 1 (303) Do. Do, 
! 

• P. L. 1 22 19th reh- 
luoiv 1921. 

Do. 

Do. . j (S66) Do. Do. P. L. 46 1 22ud Feh- 
1 ruary 1921 

Do. 
1 

Do. . (367) Pandit Eewa* 
slunker. 

Do. • P. L. 38 6 th Apii^ 
1 1921. 

Do. 

Do. • (368) Do. Do. • P. L. 28 21st I^Iay 
1921. 

^ Do. 

Da (569) Seth Shilram Do, . P. I. 59 8th May 1921 I Do. 

Do. (370) Do. Do. • P. L. 13 Do. 
1 j Do. 

t*. L,^PmpeciU}g License, M. L,^^i/ntig Lease. 
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CENTRAL PROVINCES-cojiid. 

BISTWCT. firautee. Mineral. Mature of 
grant. Area in acres. 

Date 01 1 
comraein,e- 

ment. 
Term. 

Balajiiat . 
1 

(371) Ijidun Manganese 
Co, Ltd. 

Mangane&c P. L. J02 22iid 3 uuo 
1921. 

1 year. 

Do. . ^ 
1 

(372) Cential India i 
Mining Co, Ltd. 

Do. P. L. 753 2(»th 51dy 
1921. 

Do. 

Do (373) Do. Do. P. L. 34 15tli May 
1921. 

Do. 

Do. • 1 (374) Mr. :M. A. Pasha, 
minor, gtiaidian Shaikh 
.Uimuddin. 

Do. P. L. 7« 17th May 
1021. 

Do. 

Do. (375) Pandit Knpa- 
shanker. 

Do. P. L. 120 21st May 
1921. 

Do. 

Do. (376) Do. 
1 

Do. M. L. 
1 

57 17tli 3Iay 
1921. 

13 years. 

Do. . 1 (377^ Seth 3itahanandram 
Sli(?onarayan. i 

Do. P. L. 12 22nd May 
1921. 

1 year. 

Do. • (378; both Gowardhandiw 1 Do. P. L. 52 2bth May 
1921. 

Do. 

Do. (070) Mr. C. S. Hams. Do. . . M. L. 0 5th May 1921 80 years. 

Do. (Sl^^^Messrs. Tata Sonb, ^ Bauxite P. L. 
(rcneiRal.) 

•IS 5th Novem¬ 
ber 1921. 

2 years. 

Do. (381) Do. 

{ 

Do. P. L. 
(renewal.) 

54 Do. . Do. 

Do. (382) Do, Do. . * P. L. 
(renewal.) 

1,096 DO. . 
1 

Do. (383) Do. Do. P. L. 
(renewal.) 

288 j Do. 

1 

Do. 

Do. 

1 

(384) Do. 

1 

Do. . . P. L. 
(renewal.) 

002 Do. 

Do. . (385) Pandit Rowa- 
bhankcr. 

Manganese. M. L. . 60 ' 1st July 1921 15 years. 

Do. (386) Do. Do, . 
1 

M. L. 
1 

30 28th Septem- 
> her 1921. 

, 20 years, 
1 

Do. . (387) Do. Do. . ' P. L. . 34 8th July 
1921. 

j 1 year. 

Do. . . 
• 

(388) Pandit Kiipashanker Do. . M. L. 173 4th July 
1921. 

16 years. 
1 

Do. 1 (389) Netra Manganese 
' Co., Ltd. 

Do. . 1 P. L. 210 ^ 8th July 
1 1021. 

1 year. 

Do. t (390) Mr. M. A. Pabha, 
minor, guaidian Shaikh 
Allmuddin. 

Do. . 1 P. L. . 

1 
582 1 5th July 

j 1921. 
1 Do. 

1 
Do. . (891) Mr. Sundeilal Golcbe 1 Do. • • 1 P. L. . 

1 
10 1 8th July 

, 1921. 
Do* 

1 

Do. j (392) Do. Do* • . 1 P. L. . 1 
14 

1 1 31st Augoat ' 1921. 
1 

1 

1 Do. 

T, h^^Prospeatiiig Lieem* 
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CENTRAL PEOmCES-conirf. 

[VoL. LIV. 

DISTEICT. Grantee. Mineial. ifature of 
smut. Area in acres. 

Date of 
commence¬ 

ment. 
Term. 

Balashat . (893) Mr. bnndeilal 
(^oklw. 

Manganese . . ' P. L. 145 2nd Septem¬ 
ber 1921. 

1 year. 

Bo. . (394) Bo. . Do. . . ! P. I. 210 26th Septem¬ 
ber 1921. 

Do, 

Bo. . (395) Mr. C. &. Harris . Do. M. L. 8 15th August 
1921. 

5 years. 

Bo. . (396) Do. Do. M. L. 30 9th August 
1921. 

30 years. 

Bo. . (307) Bai Bahadur 
Bansilal Abirchand 
Mining Syndicate. 

Copper P. L. 588 Slst Auguot 
1921. 

1 year. 

Bo. . (308) Mr. Balkrisbna 
Isarain Soparkar. 

Manganese. P. L. 19 Do. . Do. 

Do. . (3991 Do. Do. P. L. 36 26th Septem¬ 
ber 1921. 

Do. 

Bo. . (400) Bo. Do. . • P. L. 95 37th Septem¬ 
ber 19*21. 

Do. 

Bo. (401) Pandit Kripa- 
shankei oi Bataghat. 

Do. M. L. 60*48 22nd October 
1921. 

10 years. 

Bf. (402) Do. Do. . M, L. . 89*00 12th Decem¬ 
ber 1921. 

1 Do. 

Bo. . (403) Messrs. Tata Sons, 
Ltd. 

Bauxite 1 P. I. 
1 (renewal.) 

886*99 13th Decern- 
1 er 1921. 

1 year. 
1 

Bo. . j (404) Bo. Do. 
t 

P. L. 
(renewal.) 

213 95 Do. . Do. 

Bo. . j (405) Bo. I Do. • . P. L. 
(renewal.) 

322*01 Do. Do. 

Bo- ‘ (406) Messrs. Martin & 
, Co. 

Siangan! se. 
! 

. P. L. . 
' (renewal.) 

14*06 16tli Dccem- 
bei 1921. 

Do. 

Bo. . J (407) Bo. 

1 
Do. P. L. 

(renewal.) 
14*30 16th Decem¬ 

ber 1921. 
Do. 

Do, . 1 (40m Bo. 

j 

Do. P. L. 
(renewal) 

108*14 Do. . Do. 

Bo. . 1 (4091 Pandit Rewa- 
shanker o£ Balaghat. 

j Do. . • ! P. L. 89*00 , 3rd October 
1921. 

Do. 
1 

0. (410) Mr. Balkrlshna 
Harayan Soparkar, 

Do. P. L. . 23*33 1 19th Decem- 
1 her 1921. 

Do. 

Bo. (411) Do. J)o. P. L . . 43*84 Do. 1 Do. 

Bo. . (412) Do. . 1 Do. P. L. . 1 ' 181*57 Do. . Do. 

Bo. (413) R. S. B. Chajjoo-I 
ram. | 

Do. . P. I, . , 
1 
, 14*19 10th October 

1921. 
Do. 

Bo. . (414) Bo. j Do. , , P. L. 34*35 1 Do. Do. 

Bo. (4151 Bo. . 1 Do. P. L. . i 13*39 Do. . Bo. 

P. L.wPw83)eciw<ff lAcentt. M. Milting Lem, 
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CBNTEAL PROViNCES-osjrfiJ. 

DibimcT. Oiantee. Mineral. 

1 

1 
1 

Nature ot 
grant. 

1 

Area in acres 
Date of 

commence¬ 
ment 

Teim. 

Bala^liut . (416)K.B.B.P.DjT:amjl 
<J: Co. 

Manganebc M. L. 140 9th No\ em¬ 
ber 1921. 

5 years. 

Do. . (417) .Ml. Bakaram bingii Do. P. L. 106 67 1 17th ho\em- 
ber 1921. 

1 year. 

Do. . (41d) llio Central India 
Mining Company, Ltd. 

Do. M. L. •62 26th No\em- 
bti 1921. 

2 years. 

Do. . (419) Mr. M. A. Pas,lu. 
minor, guaidun MunbUi 
Alimuddin. 

Do. P. D. 847 00 3rd October 
1921. 

1 year. 

Do. . (420) Do. Do. P. L. 29*90 Do. Do. 

Do. . (421) Seth Shriram Do. 1 M. L. 1*28 4th October 
1921. 

80 years. 

Do. . (422) Do. Do. M. L. 107*00 22nd Decem¬ 
ber 19*21. 

10 years. 

Do. (423) Do. Do. M. L. *35 4th October 
1921. 

30 yearn. 

Do. . (424) Do. Do. M. L. 84 00 22nd Decem¬ 
ber 1921. 

5 years 

Do. , (425) Do. Do. M. L lior. 26th October 
1921. 

3 years. 

Do. . (426) Ml. Balkrlslina 
1 Karam .Sopaikar. 

Du. • 1 M. L. 24D S4 8th December 
1921. 

30 years. 

Do. (437) Do. 1>0. 
* 1 

P. L. 030 08 30th XOM'm- 
her 1921. 

1 year. 

Do. . (428) Do. Do. * 1 P. L ' 12 25 10th October 
1921 

Do. 

Do. (429) Do. Do. P L. 92 51 
1 

24th October 
1921. 

1 
Do. 

Do. . (430) Do. Do. P. L. j 22 43 17th Novem¬ 
ber 1921. 

Do 

Do. . (431) Do. Do. P. L. 21*23 Do. . Do. 

Do. (432) Do, Do. . 1 P. L. 19*00 10th Decem¬ 
ber 1921. 

Do. 

Betul (433) Mr. K. Bazaj . Coal . * P. L. 840 10th January 
1021. 

Do. 

Do. (434) Shaikh Shahab* 
uddin. 

ForrlP 
(ochre) 

oside P. L 635 *2l8t May 
1021. 

Do. 

Do. (435) Bai Sahib Chha]ju- 
ram. 

Coal . P. L. 1 331 0th June 
1021. 

Do. 

Do. (436) Do. Do. , P. L. 97 0th Juno 
1921 

Do. 

Do. (487) Do. Do. . P. L. 113 Do. Do, 

Do. (438) Mr. B. Baza] . Do. . . i H.I. 1 2,419 
1 

8th Septem¬ 
ber 1021. 

30 years. 

1 
P. L,Umn, M. I.«Zeawe. 
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CENTEAL PROVINCES-co)if(?. 

[VoL. LIV. 

DISIEICT.{I Grantee, 
I I Date 01 

Mineral. > Area in acres.' conimence- 
I grant* inent. 

Term. 

Betnl 

Do. 

(439) Ml. E. BaraJ Coal 

(440) Messrs. Mabibnx Manganese, 
I Inayatullah. and Perrlc 

. , M. L. 

Iron ' P. L. 
oxide. 

2,813 I 28th July 30 years. 
' 1921. 

1,059*01 I 9th December 1 year. 
I her 1921. 

Do. 1 (441) Ban^dhar Earn- 
1 niwas. 

Coal . 

Do, 1 (442) .Tagannath 
1 I>ii>he&hwarlal. 

Do. 

Bhandara . ' (443) Mest>rs. Lalbeharl 
^'ara>andas and Earn* 
(.haran Shankerlal. 

Manganese 

Do. , (444) Seth Shrtram . 
1 

Do. 

Do (445) Eai Sahib Seth 
, Gowardhan DabS. 

Do. 

Do. . (446) Seth Shriram . Do. 

Bilaspnr . (447)MfeST3. Char! iS: Co.: 
Ltd. 

Coal . 

Chanda (448) Mr, H. Verma and 
1 Moiibbi Karhaiyelal. 

Galena 

Do. (449) Eao Sahib D. 
Lahshminaxayan. 

Coal . 

Do. (4.50) Do. Do. . 

Do. (451) Messrs. Hajibhai 
Laljl d: Co. 

Do. . 

Do. 

Do. 

(452) Messrs. Martin & 
Co. 

(453) Messrs. T. P. 
Karaha <t Co. 

Manganese 

Iron . 

Do. (45!) Do. . , Do. . 

Do. (455) Eao Sahib Sfathura 
Prabad Motilal & Co. 

Cool . 

Do. 

Do. 

' (456) Eao Habib D, 
laxmi Xarayan o£ 

1 Kamntee. 
1 (457) Do. 

Do. . 

Do. . 

Do. ' (458) Do. Do. . 

Chhindwaia, , (450) Indian Manifoneee 
t Co. 

Manganese 

Do. , ' (460) Do. Do. 

Do. . ^ (461) Pandit Eripa- 
1 elianker. 

Coal . 

Do. . (462) 3!t. K. Bazaj . Do. . 

I 

P. L. 798-11 18th Novem- 
1 her 1921. 

Do. 

P. I. 
•1 

937-45 1 2Tth October 
1 1921. 

Do. 

M. L. 30 23id May 
1021. 

1 

20 years. 

P. L. 3 ! 29th June 
1 1921. 

1 year. 

M. L. 29-80 ISth Novem¬ 
ber 1921. 

10 years. 

M. L. 27 20th August 
1921. 

SO years. 

P. L. 1,600 18th January 
1921. 

1 year. 

P. 1. 614 Uth April 
3921. 

Do. 

P. L. 170 2nd May 
1021. 

Do. 

P. I. 
1 

93 2Cth May 
1921. 

Do. 

M. L. 981 22nd July 
1921. 

30 years. 

P. L. 709 20tb July 
1921. 

1 year. 

P. L. 472 4tb Aupst 
1921. 

Do. 

P. 1. 272 

’ 

1 Do. 

‘ P. I. 461 16th Novem¬ 
ber 1921. 

Do. 

'P.I. 
1 

1,334-81 18th Novem¬ 
ber 1921. 

Do. 

jP.l. 1,858-80 Do. . Do. 

jP.l. 996-33 Do. . Do. 

1 P. L. 
i 

79 7th January 
1921. 

Do. 

* p. 1. 182 1 Do. . 1 Do. 

1 P.L. 208 1 22nd March 
1920. 

Do. 

j M. 1. 
'1 

571 1 
1 

21**t June 
1921. 1 

30 yean. 

P. L,9pmpe(iing Licence, M. lease. 
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CENTRAL PROVINCES-conf(?. 

185 

District. <iiantep. 3Dneral. 
Xatmo of 

1 grant. 

1 
1 

Area in acrei>. | 

I 

Date ot 
commence¬ 

ment. 
Term. 

ChblndTsan (403) Mr. B. V. Duti . Coal . . P. L. 589 30th Apia 
1921. 

1 year* 

Do . 1 (464) ilr. 11. Ba/.aj . Do. . P. L. 495 25th Apia 
1921. 

Do. 

Do. . (405) Mr, B. V. Buti . Do. . . P. L. 74 ' 30th Apra 1 
1921. 

Do. 

Do. . (400) Srth L.ik-.Umiclund 
of hiponi. 

Do. . . P. L. 229 15th Juno 1 
1922. 

Do. 

Do. . (467) Do. Do. . . P. L. 533 31st May 
1921. 

Do. 

Do. . (466) Mr. A. H. Wasudeo 
Bao. 

Do. . . P. L. 48 j 

1 

2M May 
1921. 

Do. 

Do. . (469) Slmikli Sbaliab- 
uiidin. 

Do. . . P. L. 263 18th May 
1921. 

Do. 

Do. . (170) Seth Jagannath . Do. . , P. L. 133 ' 19tlj April 
1021. 

Do. 

Do. . (471) Dai Salilb Stmdoilal Do. . . P. L. 
1 

558 6th May 1922 Do. 

Do. . (472) Seth Gowardhandaq Do. . . P.L. 213 29th April 
1921. 

Do. 

Do. , (47d) Do. Do. . . P. L. 256 3rd June 
1921. 

Do. 

Do . 1 (474) Du. Do. . . P. L. 

1 

163 1 llth May! 
1921. 

Do. 

Do . (175) Ilil Salilb Oilujju- 
ram. 

Manganese. . , P. L. 1 335 2ud June 
1921. 

Do. 

Do. . (470) Do. Do. . P. L. 136 Do. DO. 

Do. . (477) Sptli Lakshmicliand 
of Botul. 

Coal . . P. L. 573 0th May 1921 ' Do. 

Do. . (17A) Seth liak<3bmicliaad 
ol Seoul. 

Do. . . ' P. L. 255 
1 

1 IStb }Iay 
1 1921. 

Do. 
1 

Do. , (479) Pandit Kripa* 
^banker. 

Do. . . P. L. 184 9th June 1921 Do. 
1 

Do. . (480) Do. Do. . . ' P. L. 48 28th May 
1921. 

Do. 

Do. , (481) Bai Sahib Sundcilal Do. . . P. L. 213 0th May 1921 Do* 

Do. . (482) Do. Do. . . P, L. 
1 

306 14th May 
1921. 

Do. 

Do. . (483) Seth Xakbhmlehand 
of Botul. 

Do. . . P.L. 142 9th Slay 1921 Do. 

Do . (484) Bai Sahib Sunderlal Do. . . ‘ P, L. 
i 

84 14tli May 
1921. 

Do. 

Do. . (485) Do. Do. • • . P. L, 178 5th May 1921 Do. 

Do. , (486) Do. Do. • . P. L. f 15 Do. . Do. 

F. L»mPr99p6cl»ig liewat* 
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CENTRAL mOYIECES-crnitd. 

District. Grantee. Mineral. Katiire of 
grant. 

Area in acrcb. 
Date of 

eoinmeiico- 
nient. 

Term. 

Cbhlndwaid (487) Bai Sahib SimderUl Cool . P. L. 182 15th June 
1921. 

2 years. 

Do. . (488) Bai Sahib Hiralal 
Venna and Mnnshi 
Kanhaiyalal. 

Do. . P. L. ‘ 624 29th Septem¬ 
ber 1921. 

1 year. 

Do. . Sir M. ?>. Dadabhoy . 1 Manganese 

1 

P. L. • lOS 21«»t July 
1921. 

Do. 

Do, . (490) Mr B. V. Buti . Coal IP. 1. ‘ 8b 7th S'^ptein- 
her 1921 

Do. 

Do. . (m) 1)0. Do. . P. L. 195 Do. Do 

Do. . (492) Mmikh Shahab- 
addin. 

Do. . P. L. 359 lOtli J uly 
1921. 

Do. 

Do. . (498) Mr. M. T. Kaorey Manganese. P. L. • 4b 6th Septem¬ 
ber 1921. 

Do. 

Do. . (494) Seth Jagannath . Coal . P. L. • 139 7th July 
1921. 

Do. 

Do. . (49;») Do. Do. . . . P. L. * 215 22n(i August 
1921. 

Do. 

Do. . (40(1) Do. Do. . P. L. • 204 7th July 
1921. 

Do. 

Do. . (407) Do. Do. ... p.i. • 244 lOtli July 
1 1921. 

Do. 

Do. . (498) 8oth Lalahmichand 
of Betul. 

Do. . 
t 

P. L. • 1,127 , Ord August 
1 1921. 

Do. 

DO. . (499) Pandit Kripa- 
bhankei. 

1 Do. • . . P. L. 105 1 8th Septem¬ 
ber 1921. 

Do 

Do. . (oOOi Do. ' Do. . ' . P. L. . 192 Do. Do. 

Do. , (091) Do. Do. . » • P. L. • 421 Do. . Do. 

Do. . (502) Seth Lak'»hnil- 
chand of Betul. 

1 

Do. . 
i 

P.I. • 580 16th Sep¬ 
tember 1921. 

1 Do. 

1 

Do. . (508) Bai Sahib Sunder* 
'al. 

Do. . P. L. • 61C 25th Jul> 
1921 

1 Do. 

Do. . (504) St'th (So^ardliau* 
dU9. 

j Do. . P.L, 222 3rd Septem- 
1 bcrl921. 

Do. 

Do. . (505) bt'th Lafctol* 
chanU of Betul. 

1 Do. . P. L. • 119 22«(1 Septem¬ 
ber 1021. 

Do. 

Do. . (506) Pandit £ripa- 
shankar. 

Do, . P. L. • S3S bth Soptera- 
l>er 1921. 

Do. 

Do. . (507) Seth lakshmi* 
diand of Seoul. 

Do. . P. L. • 60 25th Augnbt 
1921. 

Do. 

Do. . (508) Do. . Do. . P. I. 
1 

• 637 25th August 
1921. 

Do. 

Do. . (509) Bai SaMb Minna- 
mal and MandlaL 

Do. . j P.I. • 824 1 21&t July 
1 1921. 
1 

Do. 

I, L.^Pmpe(^ing Licme. 
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CENTRAL PROVINCES-co/jf(?. 

District. 
1 

(.rantee 
1 

ilineial. Nature of 
giant, i Area m acie*. 

Date of 
cnnimence- 

ment. 
Teim 

Clihindnaia (510) Setli BelwrlKU . | 
1 

Cool . P. L. 
1 

210 17th August 
1021. ' 

1 year. 

Do. . (51D Do. . Do. . ?. L 02 17th Stphm- 
bei 1»>21 

Do 

Do. . (512) Messrs. Maharaj 
JCislun i, (0. 

Do . P.L 
■| 

2i)4 0th S< pteiii- 
bei ]‘>2l 

Do. 

Do. . (311) both IJoliArilil . Do . P. L. Ccs loth Stptem- 
l>er 

D> 

Do. . (314) Do. . Do. . P L 
1 

199 21st Septem¬ 
ber 19-.il 

Do 

Do. . (315) fihau Sahll) MuUa ' 
Ka<isanji i: bons. 

Do . P.L 104 24th S(‘otiiP- 
ber l')2J. 1 

Do 

Do. . (516) Seth Naraiiid.vs . ifanganese . P L 64 10th Aiuust 
1921 

Do 

Do. . (517) Mi. B. V. Biiti . Coal . P. I-. 173 00 2Sth yo\eiii- 
bu 1921. 

Do. 

Do. . (51S) M(s&rs. H. Verma 
and ilunshi KanhayLd, 

Do. . I» L. Gibol drd D'*(Jom- 
bei 1921 

Do. 

Do. . (510) Seth .laijaunatU 
lumsai. 

Do.. P. L 115‘20 ir>th October 
1931. 

Do. 

Do. . (320) lUi Hahll) Sunder- 
lal. 

Do. . 
1 

P. L. 4C7>00 10th No \ em¬ 
ber 1921 

Do. 

Do. . (521) Mwsi^, It p. ity- 
MinjuV; Co., JTaufpui. 

Do. . XM. * 1 177*5S 16th No\em¬ 
ber 1921 

Xfo. 

Do. . (522) Seth Ja;;annatli . 
1 

Do. . P. L. 97-7b 27th October 
1923 

Do. 

Do. . 
1 

(62o) both GoM'rdhand.is 1 I Do. . . . P. L. 151-20 10th October 
1021. 

Do. 

Do. . (524) Seth Jaganuatti . Do. . P. L. 87-7» 27th October 
1921. 

Do. 

Do. . (523) Pandit KriiMV- 
stiankcr. 

Do. . P. L. 336-0^1 1st Decem¬ 
ber 1921. 

Do. 

Do. . 
i 

(326) Hazi Fazal & Sons Manganese. P.U 
1 ' 00-7S 19th Decem¬ 

ber 1021. 
Do. 

Do. . (327; Do. . Do. P. L. 
1 ' 31-22 Do. Do. 

Do. . (528) Seth Mliiam.il and i 
• Nandlal. 1 

Do. P. L. ^ 1 1 67749 12t« October 
1921. 

Do. 

Do. . (329) Seth Karayandas . Do. r. L. 
‘ 1 

05 00 4th Novem¬ 
ber 1931. 

Do. 

Do. . (530) Himtb. M. JL. Bha- Do. . P.L. 
1 249-03 0th Decem¬ 

ber 1921. 
Do. 

Do. . (5.31) M.^HosanJl & Sons Do. P.L. ' 186-00 27th Octo- 
iK'r 1921. 

Do. 

Do. . (5S2) Mebsrs. iMahaiaJ 
£i*dun Go. 

Do. . P.L. 52-49 a5th Novem¬ 
ber 1921. 

1 

Do. 

P. lt,aiPro9peciing Lim$e. 
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CENTEAL PEOVmCES—con«(Z. 

Bistriot. hrantee. Mineral. Mature of 
giant. Areainacies. 

Date of 
commence¬ 

ment. 
Term. 

ChhiDdwara 
1 

(533) Jlessis. M, L. Bha- 
rad^vaj A. Co. 

Manganese . P.L. ■ 190-83 18th Octo¬ 
ber 1921. 

1 >ear. 

Do. . (534) Khan Sahib M. 
Hasanji & Sons. 

Do. . P.L. • 476-41 27th October 
1921. 

Do. 

Do. . (53j) Do. . Coal . . P.L. 200-94 Do. Do. 

Do. . 
1 

(636) Messrs. Bharad- 
Maj & Co. 

Do. . . P.L. 166-5 18th October 
1921. 

Do. 

Do. . (537) Do. . Do. . . P.L. 75-41 28th Novem¬ 
ber 1921 

Do. 

Do. . (538) Lala Beliarilal . Do. . . P.L. 
I 

159-33 8th October 
1021. 

Do. 

Do. . (539) Do. . Do. . . ' P. L. 1 17818 ' Do. Do. 

Do. . 
1 

(540) Seth GmlharUal . Do. . . P. L. 147-37 17th October 
1921. 

Do, 

Do. . (541) Do . Do. . . P.L. 165 47 16tli Novom- 
Kr 1921. 

Do. 

Do. . (542) Mtws M. L. Bha- 
ladnaj 3s Co. 

Do. . . P.L. 95 82 23rd Decem¬ 
ber 103J. 

1 
Do. 

Do. . 
1 

(543) lainiichanJ) Botul Do. . . P I. S4-00 21 st Doma- 
ber 1021. 1 

Do. 

Do. . 1 
(544) ball (jiiidharilal . Do. . . P.L. 187 20 lt>th No\ciii- 

bei 1021. 
Do. 

Do. . (545) Do. . Do. . . P.L. 234-50 2bth No\em- 
bei 1021. 

Do. 

Do. . 
i 

(54<») 5Ioi.«r^. MahataJ 
KWuu is Co 

Do. . . P.L. 544-13 16th Decern- I 
ber 1021. 

Do. 

Do. (547) both (jirdhanlal . Do. . . P.L, 200-47 
1 

2lst Octolw 
1921. 

Do. 

Do. . (54b) Do. . Do. . . P.L. 129-61 16th Novem¬ 
ber 1021. 

Do. 

Do. . (549) Do. , Do. . , P.L. 220-60 , Stli Novem* 
t ber 1921. 

Do. 

Do. . (550) Pandit Thakur 
Pra<»ad. 

Do. . . P.L. 127-85 10th Decern- 
' ber 1021. 1 

1 Do. 

Do. . (551) Seth oiidhaiilal . Do. . • . P.L. 284-57 1 16th Novem¬ 
ber 1921. 

Do. 

Do. . (552) Seth Sheolal, 
M.L.C. 

Do. • . P.L. 
1 

605-35 12th Decem¬ 
ber 1021. 

' Do. 

Do (55J) Mes^. Bharad- 
waj and otheib. 

Do. . . 1 P.L. 95-00 2Jrd Decem¬ 
ber 1921, 

' Do. 
1 

Do. . (554) Seth Sheolal, 
M.L.C. 

Do. . 106-08 . • Do. 
1 

Do. . 1 (555) Messrs. Bhoifld- 
waj is to. 

Do. . . ^ P. L. 

1 
62-53 1 Do. 

P. L,^Pmpe€tvig LUtrue, 
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CENTRAL PROVINCES-cort<(?. 

District. Grantee. 
1 

Mineral. 

1 
Nature of 

grant. Aioa in acres. 
Date of , 

(Oininenre- 
nieut 

Term. 

Cininrlviatn (556) Seth Shcolal . ' 

1 

Coil . p.t 158 74 21r(l Da em¬ 
ber 10*21. 

1 yeat 

Do. . (557) A. H. Wa^udeo 
lUo. 

Do. . M.I 25*64 29tli Novein- 
l«er 1921. 

30 >eai3. 

Jobbulpore 
r 

(55S) Messiq. ar.indige 1 
Molr A Co. j 

B invite , P.L. . 1 232 

1 

6th April 
1921. 

1 year. 

Bo ■ 1 (559) Do. . . Do. P. L. 27 Do. DO. 

Do. . 1 
1 

(560) Mr. George ^o^ 
ri‘ster. 

Do. . 
1 
P.L. . 1 210 6tli July 

1921. 
Do. 

Nagpur . 1 (361) Oosai Kamkfislina* 
piui. 

Alanganesc . . * P.L. . i 26 16tb March 
1921. 

Do. 

Do. (562) Mil Aslam Khan . Do. . . P. I. 70 7tli January 
1921. 

Do 

Do. (36 j) Do. . Do , . ' M. L. 108 S>d January 
1921 

10 years. 

Do. . ' 
1 

(564) Do. . Do. . . ’ P.L. 263 8th February 
1921. 

1 >car. 

ro. (505) Central India 
Mining Co., ltd. 

Do. 
1 

1 
1 

M. L 6 11th Jan- 
uarj 1921. 

1 

I7U1 ex¬ 
pire with 
the min¬ 
ing lease, 
dated the 
7th Feb¬ 
ruary 
1906, to 
which it 
is snppte- 
zuentarj'. 

Do. (5i>()) ludUn Manganese 
to. 

Do. . . * P.L. 4g 2url March 
1 1921. 

1 year. 

Do. (507) Do. . Do. P.L. 135 , 2nii March 
1 1921. 1 

' Do. 

Do. (508) Mr, C. S, HarrN . Do. . . P.L. ISl 1 10th June 
1 1921. 

Do. 

Do. (560) Mir Aslam Elian . 1 Do. . • P.L. . 1st June 1921 Do, 

Do. (570) Gosaiu Ilainkr(blma< 
purl. 

1 
Do. P.L. ' 700 

1 
18th May 

1921. 
JUO. 

1 
Do. • (371) Do. . 1 Do. . . M.L. 

1 0 2nd May 1921 
1 

30 5 ears. 

Do. (572) Do. . 1 Do, . . M.L. 4 D.». Do. 

Do. (573) Do. . j Do. , . P.L. 52 1 13th June 
1 1921 

1 year. 

Do. (374) Mr.M.V.Kaorey Do* • ■ P.L. Cl 27th June 
1921. 

Do. 

Do. (375) Do. . . Do. . • P.L. 72 27th June 
1921. 

Do. 

Do. (576) Eao Sablb D 
Laksluni Naiynn. ^ 

>. Do. . . 

1 
P.L. 26 2&tli May Do. 

1921. 

P. L,mPfotpectbig Idcente, U, Lem* 
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CENTRAL PEOVmCES-crf. 

[VoL. LIV. 

District, iitintee. Alineia]. 

1 
Nature of 

grant. Area !n acres. 
Date of 

commence¬ 
ment. 

Term. 

_ ~ 

Nagpur (577) Moists, (iorcdiitta 
•uintshUl and JT. 
D’tosta. 

lilanganese P.L. 99 

1 .a
s

 

I 

1 year. 

Do. (57P) 2Ir. LANuian 
Damodbai lelc. 

Do. 31.1. 14 lOlh August 
1921. 

00 years. 

Do. (579) iros'^re. LalMwri 
Naraiondact and 'Ram* 
charOQ bhankerlal 

Do. . . M.L. • 20 20th August 
1921. 

3 years. 

Do. (5b0) Seih. Mahanaud* 
raiii ShoonarA'van. 

Do. P.L. 85 17tli Septem¬ 
ber 1921. 

1 year. 

Do. (381) The (Xnt’al India 
llSnin*? Co. 

Bo. P. L. ‘ 89 31st August 
1921, 

Do. 

Do. (582) Dai «?.ihlh Kam- 
kri<?hna Pori Gosai ot 
Naapur. 

Do. P.L. 106-94 5th No\em- 
bei 1921. 

Do. 

Do. (583) Do. . Do. P.L. . 103-78 Do. Do. 

Do. (5S4) Do. . Do. P. L. . 31*78 Do. Do. 

Do. <3b5) 3D. Balkri«ihna 
Narayan boparkar ot 
Balaifliat. 

Do. P. L. • 40-17 Do. Do. 

Do. (3bd) Fkth Mahanand- 
rain bhcon uayan of 
Kamptiv. 

Do. . P. L. 
1 

28-53 
1 

22nd Decem¬ 
ber 1921. 

1 

Do. 

1 
Do. (S'*?) Mr. (laiipat Rao 

La,\Lian ot Na^jpur. 
AS'oltrim and 

Galena, 
P.L Iba U) 2hd No%em- i 

Ur 1921. j 
Bo. 

Do, (588) Alii Aalain Ehau 
ot N.tapu’*. 

Alauganc&c. P. L. • 0-lC Sth Decem- 
Ur 1921. 

Do. 

Do. ^580) Mir A^loon JKhan . Do. P. L. 30-60 Do. Do. 

Do. (590) Ab bhainji Xara- 
janji 01 Kimptce. 

Do. . P.L. • 19-70 22nd Bcccm- 
Ur 1921. 

Do. 

Do. (591) Na.rpur Alan.^ane'e 
Alining bjiidioat**. 

Do. . 31. L. • 61-yi 1st Decem¬ 
ber 1921. 

10 years. 

Naisinghpur (502) Mr.C.B.fianis . Copper P. L. • 212 ISth Apnl 
1921. 

1 year. 

COOEG. 

1 
(393) Mr. Albert Henry Mica , To prospect 412-90 Slst August 

m&night 
of 31^ 

Gaston, Madras. f for and 
mine 3fioa. 

1920. 

1 

1 Deoembei, 
1921. 

P. Uetnse, 21. 'L.mMifting lease. 
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MADRAS. 

BisTiaci. t^rantoe j Mmoral. 

1 
2fatuie of 

grant. Aren in acres | 

1 

Date of 
eomraenco- , 

inent. 
Term. 

Anantapur. 
! 

(594) A (.hosh Barytes . j P. L. 
1 

12*30 1 18th OetobcT 1 
1020, , 

1 year. 

Bo. . (505)B. P. SMha Doddi Do. . P.L. . 1 13*30 1st Pebniary 
1021. 1 

Do. 

Bo. . 0%) Moriston, ' 
Anantapur Gold Fields. 

Gold P. L. 
1 

2,933*58 ' 
I 

22na Feb¬ 
ruary 1921. j 

Do. 

Bo. . (597) B. P. Sesh-i Keddi Asbestos . . ' P. L. 7*32 21st 3^une 
1921. 1 

Do. 

Do. . (598) Do. . . 1 Barytes . P. L. 42*77 Do. Do. 

Bo . (590) Do . .1 StoAuitc . . P. L. 27*90 30th July 
mi. 

Do. 

Cuddapah . (090) Messis. Lakblimi-' 
nttau to. 1 

All minerals . » P. L. 64 00 7th July 1921 1 Do. 

Gimttir (001) M(sms. GilUndflis, 
\rlmtlinol <fc Co, C.il- 
cutw. 

Diamonds . . P.I^ 42*70 Sth January 
1021. 

Do. 

Do. (C03) Tho Tia\fliicore 
-Minins? and Trading 
Co. 

Galena . E. l. 

1 

640 1 Xflth Apiil 
1031. 

Do. 

Eistna (00.5) :^rwsis. Dost A Co. Coal . . P. L. 242 94 , 24th June 
1021. 

Do. 

Do. (004) The riYdeiaOid 
Dicum ( 0, Ltd. 

Do. . . P. L. 3377*00 
1 

27th July 
1021. 

Do. 

Kuinool . (005) B P. So^liA lloddi B.'uytes , . P. L. 4 20 2nd Mav 1021 j Do. 

Bo. (OlKj) Do , steatite . P. L. 60 04 Do Do. 

Do. (607) Do. , Bariies . P. L. OoC Do ,* 1 Do. 

Do. (600) Do. t Do. . . P. L. 1 3 03 ' Do. Do. 1 
Do. (600) 1 0. . 1 Do. . P. L. 10*75 Do. Do. 

Do. (blO) A. Ghosh . 1 Do. . . M. L. ‘ 53-43 1 3rd May 1921 30 years. 

Do. . (611) Do. . Do. . M. L. 1 66*07 ' Do. Do. 

Do. (612) Do. . 1 Do. . M. L. 1 49*00 
1 

12th June 
1921. 

Do, 

Do. (013) B. P. Scsha Keddi 1 Do. . P. L. 0*80 j 23fd August 
1021. 

1 year. 

Do. . (014) Do. , * Do. . . M. L. 42*15 ' * 15th August 
1021. 

30 years. 

Kelloro (013) M. Vaiadifl Jtoddl. 1 Mica . . P. L. 27*90 i 14tli March 
' 1921. 

1 year. 

D . (616) N. Kaglwvulu 
^^ayakar. 

Do. . M. D. , 

1 

67*00 i 1 17th J.U1- 
uory 1921. 

* 30 years. 
1 ^ 

Do (017) S. Venkatasnhha 
Boddi. 

Do. . 
1 

. P. L. 16*64 
1 
1 28tb Fob- 
1 ruary 1921. 

! 1 year. 

f. Xi^^rmpiUing Lkenst, H. L^mMiidng Jkaae, 
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MADRAS—(mtd. 

1 

District. I 

1 

Granted Mineiai. Kature of 
grant. Area in acres 

Date of 
coTumeuce- 

meut. 1 
Term. 

Kellore , ^ (618) K. Venkatasuh- 
hayyj. 

Mua . . M. L. • 1'63 7th January 
1031. , 

80 years. 

1 
Do. . (019) MohtrJiCowa««jl . Do. . . P.L. • 7 81 l&th Jan* 

uaiy 1D21. 
1 year. 

Do. . * (620) S. Damalinga 
Peddi, 

Do. . . P. L. . 15‘73 14th March 
1021. 

Do. 

Do. . (021) G. GopaUbrish- 
nayya. 

Do. . P.L. 130*86 8th lebruary 
1021. 

Do. 

Do. (622) V. Paml Ecddi , Do. . . P.L. 10-03 2nd Fehiuary 
1921. 

Do. 

Do. (623) V. Tenkata- 
kamara Erishna Yechen- 

dra, Bahadur. 

Do. . . M. L. 6S*Cb Cth May 1921 a 

Do. . (G24) Sankara Mining 
Syndicate. 

Do. . . M.L. 71-59 
Extension of 
area held 
under pre¬ 
vious lease. 

4tli October 
1920. 

Do. 

Do. • (625) B. K. Snbbara- 
ahara Ayyar. 

Do. . . M. L. 301*00 Srd Apill 
1921. 

Do. 

Do, . (620) B. Snndarami 
Beddi. 

Do. . . P.L. 3 07 26th May 
1921, 

1 year. 

Do. (027) K. Bainasnl)b.i 
Beddi. 

Do. . . P.L. 20-20 l^-t Dlarch 
1921. 

Do. 

Do. (C2S) T. C. DandasTi- 
tham PiUai. 

Do. . . P.L. 8-82 lOtli 3une 
1921. 

D). 

Do. « (029) Do. . Do. . . P.L. 15-00 21‘^t June 
1921. 

Do. 

Do. (630) Messrs. Christien 
A: Co. 

Do. . . M. L. 7-73 11th Jane 
1021. 

3U joars. 

Do. . (631) T. Subbarami 
. Beddi. 

Do. . . M.L. 30 09 
1 

23rd June 
1921. 

Do. 

Do. 1 (682) K. F«nchelu 
Boddi. 

Do. . . P.L. 10-51 2nd April 
1921. 

1 year. 

Do. (683) G. Y. Subba Beddi 
t 

Do, . . P.L, 150*30 13th May 
1921. 

Do. 

Do. (634) 1. Bama Snbba 
j Beddi. 

Do. . . P.L. 3-75 17th August 
1921. 

Do. 

Do. , (035) K. Panchcln Beddi Do. . . P.L. 4-14 Do. Do. 

The 
District. 

(b36) A. H. Gasten Do. . . P.L. j 66-57 I4tii Juno 
1921. 

Do. 

!nxnieve]ly« 1 (637) Sri Erishna Doss 
ot Bikaner. 

Garnet . P.L. 10-40 21st Sc-ptem* 
her 1921. 

1 

Up to the 
end of 
December 
i»a. 

P. L.t^Piospeetiug Itcfuse, U* leaie. 
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Disxbici. Giantee. Mineral. Rature of | 
grant. 

1 

1 Area m .icies. 1 
D.itp of 

1 coinmenec- 
•ment. 

Term. 

Bannn (638) The Iriiio-Biirma 
Petroleum Co., Ltd., 
Eaugoon. 

Roroslno oil P.L. 18,880 
acres m the 
Bannn and 
Dera Ismail 
Rlian DlstrictB 

5th February 
1921. 

1 
1 

Do. (030) The Eangooa Oil 
Co., Ltd. .Rangoon. 

Do. , P. L. 19,200 
between Pezu 
and Bain 
passes in the 
Bannu and ‘ 
D. I. Khan 
Districts. 

6th November 
1920. 

1 year. 

Haiaxa (640) R. S. Seth Chiihar 
Lai & Sons, Bankers, 
Abbottabad. 

hfinerals . P.L. 29-7 17th Septem¬ 
ber 1021. 

Do. 

Do. (641) lUtessrs. Lane 
Brown and ITewlett, 
Civl3 Engineer, 
Lncknovi. 

1 Do. . . P.L. 9,099 

1 

15th Decem¬ 
ber 1921. 

Do. 

PUNJAB. 

Attock (642) Sir Vlthaldas D. 
Thookorsey, Kt., oi 
Bombay. 

Alineral oil P.L. 2,660 21st March 
1021. 

1 year. 

Do* . (648) UrCol. Frank 
Johnson, of the firm of 
Frank Johnson & Co., 
Ltd., Calcutta. 

Do. . . P.L. 800 10th Feb¬ 
ruary 1021. 

Do. 

Do. (644) The Attock Oil 
Co., Ltd. 

oa . . . P.L. 4,480 15th Septem¬ 
ber 1921. 

Do. 

Do. (043) Whitehall Petro¬ 
leum Corporation, Ltd. 

Mineral oU P.L. 24,480 22nd Decem¬ 
ber 1921. 

Dou 

Do. (e^^Attock Oil Co., Do. . M.L. 1,278 28id Decem¬ 
ber 1921. 

SO years. 

Gnjrat (647) Wliitohall Petro¬ 
leum Corporation, Ltd. 

Do, . P.L. 70,451‘2 15th Decem¬ 
ber 1921, 

1 year. 

Jhfllum (CIS) Pandit Gian Chond 
of Dandot. 

Coal . P.L. 5 26th Auguit 
1921. 

Do. 

Do. (64^ Messrs. Madan Lai 
Manohar LaL 

All minerals other i 
than oil. 

P.L. 564 17th Septem¬ 
ber 1921. 

Do. 

Bawalpindi (e^Rangoon OU Co., Mineral oU P. L. 2,880 9tli Kovenh 
ber 1921, | 

Do. 

Shabpttc . (651) The Ihdo-Burmn 
Petroleum Co., Ltd., 
of Rangoon. 

Petroleum . P.L. . i 16,000 4tb January i 
mi. 1 

1 

So. 

P. L,mprotp$^t%ng Liftmt. 
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1 Prospecting Mining Total of each 

-1- 

Licenses. Leases. Fro\mc6. 

8 8 

Z 5 11 

1 1 

20 17 37 

2 2 

265 14 279 

217 C7 254 

1 ... 1 

83 11 
1 

44 

4 ... 4 

i « 1 1 
1 

10 

« 
1 

1 
... 

663 
1 “ 651 

1 572 1 80 652 
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CLASSIFICATION OF LICENSES AND LEASES. 

TabIiE 41.—Prospecttng Luenset, granted Assam durtng 1921. 

1921. 

Bistrici 

No Aica in 
Minoiol. dtcres 

Prospecting Licenses. 

Oaohax .... 1 ^ .10,582 1 jUuicial oil 
Garo Bills , ' 1 49,280 Coal 
Kliasi and Jamtia Hills . , 1 1 7,oti4*8 Almoidls othoi than 

muicial oil. 
Sjrlhet .... • 2 7,699‘2 Mineial oil. 

Total 8 

Table 42.—ExjUonng Licenses, Ptospechng Licenses and M%nimg 
Leases gt anted in BahicJiisian dunng 1921. 

1921 

District 

No 
Aiea in 
acicb iVTineral 

Exploring Licenses. 
Kalat . . . . 3 BolanPass, ^meial oil 

whole of 
Laa Bela 
State and 
whole of 
H a 1 a i 
State 

Sibi , . 1 Wnole of Bo 
bibi Bis- 
Inot ex¬ 
cept Mari 
and Bugtx 

I countries. 

Total 4 
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Table 42.—Ea:ploring Licences^ Prospecting Licenses and Mining 
Leases granted in Baluchistan du/ing 1921—contd. 

District, 
Area in 
aore-s. 

Miueral. 

Kalat . 
Sibi 

Prospecting Licenses 
1 I 3.200 I Mineral oil. 
1 I 49,60C4 I Do. 

Quetta-Pishin 
^ob 

Do. . 

Mining Leases. 
Chromite. 

Do. 
Asbestos. 

Table 43.—Prospecting License granted in Bengal du/ring 1921. 

Chitii^ong 
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Table H.—Ppeeling Licetn^e^ and Mining Leases granted %n Bihar 
and Onssa duiing 1921. 

1921. 

No. Mineral.' acres. 

Hazaiibagh 
feJainbalpur 

Do. 
Do. 

Smi^h))hum 
Do. 
Do. 
Do. 

Mining Leases. 
1 Mica. 
2 obO Do. 
2 745-70 Do. 

11 20-27 Oonle 
J 2.C24 lLon«oro and monganeBc. 

Total . 17 

Gaya . 
Hazaribagli . 
JSambalpur 
Santal Parganas 
Singhbhum 

Prospecting Licenses. 
4 
4 
1 
1 
2 

6 
2 
1 

Tot^l . f 20 

582-8 JMica 
7,808-99 Coal. 

80‘9b 2dica. 
80*91 Iron oxide. 

1,170-8 Chromite. 
6,460-4 Iron-ore. 
3,670*31 All minerals. 

72 Manganese. 

District. 

Table 45.—Prospecting Lfeemes granted in Bombay daring 1921. 

Total 2 
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Table 46.—Prospecting Licenses and Minutg Leases granted in Burma 
during 1921. 

1921. 

Dxstbict. 

No. 
Area m 
acres. 

IMineial. 

Prospecting Licenses. 
Akyab , 2 0,720 ^Irneral oil. 
Amherst 3 4.&00 All minerals. 

Bo. . 1 22,S22-4 Oil "hale. 
Do. . 17 21,14i)*bb All mineials except oil 

Heuzada 1.4jS*b Do. 
Bo. 1 2.O00 All mineials including oil. 
Do. 1 i ,i)oS*4 Coal. 
Do. o 2,b04-l J^Jmeral oil. 

Kathci . 10 44.»>09-0 All minerals except oil. 
Kyaukpyu 1 2.1O0-O Mineral oil. 
Kyaukso 1 2.1)0'' All inmeiaL except oil. 
Lower Chhindrvii» IH 53.r»2U‘G Mineral oil 

Do. 2 2o,92(' All minerals including 
mineral oil. 

Blasiwe . 1 30(* Ould. 
Do. . IS 40.S2rr2 Mineral oil. 

Mandalav i 04o liun-oie. 
Do. 2 0,7 )U All uuneials o\LOpt oil. 

Mer^ai . 21 2L97J-72 Do. 
Do. . 2 3,3b0-12 Coal. 
Do. 7 4,3ol’7S Tin anu allied mineralb. 
Do . 7 7,0ol*o2 Tm, wolliam and allied 

I imuerah. 
Do. . t> 8,432-bS Tin and w'olfrain. 
Do. . 5 5,204-48 Tin. 
Do. . ! 1 1 1 640 Cassiteiite and gold. 

Minbu . 1 
10 40,731-76 iLneral oil. 

Do. . i 3 0,879-6 1 Coal. 
Mi’-ingyan . 1 1 7 16,997-42 ^lineral oil. 
Myitkvina 1 1 4,800 All mineral*! except oil. 
Northern Shan State-> 2 6,400 Do. 

Do. 1 3,200 Coal* copper and galena. 
Pakokkn . 19 49,152-86 ilineraloil. 
Prome , , 4 898-68 1 Do. 
Shweho , • ! 1 3 10,240 , All mineials except oil. 

Do. . , 1 25,185 ' Mineral ojI. 
Southern Shan States : 1 i 4 ' 3,280 1 All minerals except oiL 

Do. I 
• j 1 1 IbO Antimony. 

Do. . ! 1 ' 40 Lead. 
Sagaing. 

Do. . 
. . 1 1 1,075*08 Copper, silver and lead 
• 1 1 2-S6 ! All minerals except oil 
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Table 46.—Prospectinq Licenses and Mining Leases granted in Buruif 
during 1921. 

1921. 

Bistbiot. 

Ko. Area in 
]Miueral. ^ ^ acres. 

Prospecting Licenses— 
TaToy . 42 28,527 All mineials except o>l. 

Bo. . 2 2,68b CoaL 
Bo. . 1 4 Tin. 

Thaton . 6 6,828*8 All mineials except ojJ 
Tlia'^ etm^ o . 5 26,380 Mmeial oil. 

Bo. . 1 960 CoaL 
Toungoo 1 148*48 All minerals. 
XJppei Ch^ndTun 7 34,214-4 Mineral oil. 

Bo. 3 14,105*6 CoaL 
Bo. 1 1,824 klineial oil and coaL 
J)o. 1 2,400 Gold. 
Bo. 1 1,560 All minerals except r\l 
Bt. . 2 1 1,888 Gold and abbociatea 

minerals. 
Do • 1 1 b,736 AH mineials including 

mineial oil. 
iL'amcthm 1 1 3 

1 

6,689*6 1 Ail minerals except oil 

Total 
1 
1 263 1 

Mining Leases. 
Magwe. 1 1,020 Mineialoii. 
Mergui . , . , I 110*4 Tin and woUram. 
Bo. 2 1,677*37 All mineials except oil 

Minbu . . . 1 471*72 Mineral oil 
Pakokkn .... 2 806*4 BfineraloiL 
Tavoy. 7 6,649*76 AH znmeaak except oil 

Total 14 
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Table 47.—Prospecting Licenses and Mining Leases granted in the 
Central Provinces during 1921. 

Bistbict. 

1921. 

No. 
Area in 
aores. 

IMineials. 

Prospecting Licenses. 
Balagbat • 20 ( 6,449 Bauxite. 

Bo. 51 6.316 Manginese. 
Bo. 1 1 333 I Copper. 

Betul 1 . 6 1 3,116 Coal. 
Do. g. 1 , 635 1 Feme oxide (ochre). 
Do. |. 1 1,039 Manganese, iron and lemc 

oxido. 
Bhandara 1 1 ' o ^tlanganese. 
Bdaspur . 1 I 1.630 Coal. 
Chanda 1 614 (ralena. 

Bo. 0 4,921 Coal. 
Bo. 1 709 Manganese. 
Bo. o 744 lion. 

OhhinJwara . 14 3401 Manganese. 
Do. . 83 20,646 Cool. 

Jubbnlpoie . . 3 4«> Bauxite. 
Nagpur • 23 2.783 Afangane'se. 

Bo. 1 185 15 obi am and galena. 
Naramghpur . , 1 212 Copper. 

Total • 217 ... 
1 

4 

Mining Leases. 
Balaghat 22 520 Alanganese. 
Betnl • 2 0,232 Coal. 
Bhandara * • i 

3 86 Alanganese. 
Chanda , , 1 981 Galena. 
Chbindwara . 1 2 596 Coal. 
Nagpur * • 1 

7 219 Alanganese. 

Total • 37 ' ... 
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Table 48—Prospecting Licenses granted vn Coog dunng 1921. 

19 21 

District 

No. 
Aiea in 1 

Mineral. 

1 

acics 

Prospecting License 
Coorg . • 1 412 90 Mica 

Table 49.—Prospecting Incenses and Mining Leases gi anted in Madras 
dvnng 1921. 

1921 

District. 

No. 
Arei in Mineral 
acres 

Prospecting Licenses. 
Anantapur . 3 68 57 Biiytes 

Do. 1 2,933-38 Gold. 
Do. 1 7 32 Asbostob 
Do. 1 37 90 Steatite 

Cuildapah 1 64 AH minerals. 
Guntur . 1 42*70 Diamond 

Do . . 1 C40 Galena. 
Kibtna . 2 3,820 54 Coal. 
Koraool 5 31 34 Barytes. 

Do. . 1 69*04 Steatite 
Nellore . 14 436 78 Mioa. 
The Nil^jin Distnot 1 56*57 Do. 
Tinneveily 1 10*40 Garnet. 

Total • 23 ... 

Kumool 
Nellore . 

Mining Leases. 
214*17 j Barytes. 

• 7 567*52 1 Mioa. 

• 11 
~ 1 

1 T0T4L 
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Table 50.—Prospecting Licenses granted in North-West Frontier Province 
during 1921. 

1921. 

District 

Vo 1 1 1 acres. | MineiaL 

Prospecting Licenses. 
Bannu . 2 j i OS,OS(> KtirMneoU 
Hazara . . 2 1 1 10,028 "'I neials. 

1 
Tota-L 

1 j 

i ‘ ’ 1 

Table 51.—Prospecting Liceyi^es and mining Leases gianted in the 
Punjab during 192h 

I 1921. 

Disteict. * 

acie'‘. 
j 

Prospecting Licenses. 
Attock . 4 32.020 IM'neial oil. 
Guirat . 1 70.151 Do. 
Jlielui.. . , , 1 5 j Coal. 

Do. . , 1 5C4 All xiiipeiols otLc* thou 
oil. 

Bavialpindi . • 1 1 ‘ 2.8S0 IMineial oil. 
Shahpur * 

i 
1 10,000 ! Petroleui ■» 

1 

Total . 9 1 j 

Mining Lease. 
Attock . . , . j 11 1.27S I ^Mineral oil. 

_!_1__ 
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The Iron-ores of Singhbhum and Orissa. By H. 

Cecil Jones, A^R.S.M.-^ A.R.C.S., F.G,S., OtficLiting 
SiiperintoncUnt, Qeological Survey of India. (With 
Plate 60 

The most important iron-ore area in India is situated 
some 150 to 200 miles to the west of 

InfroduclioM. Calcutta in the province of Bihar and 

Orissa and contains extremely large and rich deposits of 
iron-ore. These occur in the Kolhan Government Estate in 
the Singhbhum disiiict, and in the Feudatory States of 
Keonjhar, Bonai, and Mayuxbhanj. Good iron-ore is reported 
to occur also in the Feudatoiy State of Pal Lahara, and in 
the Zeniindaiy of Siikinda, but these two latter areas I have 
not ]iad the opi)ortunity of examining. This note deals 
maiuly with the Singhbhum district, and the Feudatory 
States of Keonjhar and Bonai. The deposits in these areas 
are remarkable for the enormous quantities of extremely rich 
ore ihey contain, and will undoubtedly pro\'e to be amongst 
the largest and richest hi the world. 

In this note I propose to describe only briefly the geology 
of the area, and the investigation has not gone far enough 
at present, to enable me to put forward a theory of 
the origin of the ore; but everything points to the ore 
bodies' being replacemen fe deposits. 

The Bengal Iron Co., Ltd., first staited operations in 
this area in 1910, but during the last thi’ee years much 
pros2)ecting work has been carried out by other Companies, 
and the Tata Iron and Steel Co,, Ltd., the Indian Iron 
and Steel Co., Ltd,, Messrs. Bird & Co., and Messrs. 
Tilliers, Ltd., have all been gi’anted or have applied for 
mining leases in the area. 

Ball {Mem. OeoL Surv. Ind., Vol. XVIII) gives a general 
account of the distribution of iron-ores in 

History ^^aii^^preTious districts of Manbhum and Singhbhum, 

but the localities mentioned by him are 
to the north of the areas examined by me. 
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Haclareii examined tlie anriferons' occurrences of Cliota 
JSTagpur, and in hib account {Rec. Geol, Surv. Ind., 
Vol. XXXI) he desciibes the geology of the area, but does 
not mention the iron-ore. 

Termoi in hib account of the mauganese-ore deposits of 
India Geol. Surv. huL, Vol. XXXVII) refers to the 
iron-ores of Singhbhum, but deals mainly with the area near 
Ohaibassa. 

In the Quinquennial Review of the ilineial Production 
o± India for 1909-1911! (Rec. Gecl, Suii\ Ind., Vol. XLVI, 
p. 105) it is stated that ‘ Recently, magnetite and hematite 
have been obtained from the Manbhum and Singhbhum 
districts.^ In this review it is also stated that ‘ the Bengal 
lion and Steel Company, Limited, have now given up the 
use of ores obtained from the neighbourhood of Barakar and 
Raniganj and are now obtaining their ores exclusively from 
the Kolhan Estate, Singhbhum.^ 

In the Quinquennial Review of the Mineral Production of 
India for 1914-1918 {liec. Geol. Surv. 2nd., Vol. LII, 
p. 112) it is stated that the main deposits worked by the 
Bengal Iron and Steel Co., Ltd., ^ are known as Pansira 
Hill and Buda Boru Hill situated about 12 miles and 8 miles 
le^pectively south-east ot ilanharpur ‘‘tafion, Bengal-Xagpur 
Railway. The total quantity of ore in sight in these two 
deposits is estimated at not less than 10 million tons. The 
(>re is a higli grade hematite with an average analysis of— 

Per cent. 

Iron ... .64*0 

Silica • • ..2*10 

Iinae.'lo 

Alumina.  i-25 

Magnesia ..*18 

Man^janese oxide.*05 

Sulphur..032 

Pliosphoius.ii,*i 

A 2' 6'^ railway line has been constructed by the Bengal 
Iron Company, Limited, from Manliarpnr to Pansira with 

^ Now ]ino\/n a® the Bengal Iron Co., Ltd 
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a branch through the Ankua Valley to Buda. An aerial 
ropeway with a capacity of 50 tons hourly transports the ore 
from the top of Pansira Hill to the light railway at the 
foot. The use of this ore makes) the quality of the Com¬ 
pany’s pig iron equal to that of the best known imported 
brands,’ 

The iron-ores of Mayurbhanj State, fr*om which the Tata 
Iron and Steel Co., Ltd., draw their* supplies, were first 
noticed by P. 1^. Bose (Rec, Geol, Svrv. Ind,, Yol. XXXI, 
p. 168), and have been examined and described more recently 
by Messrs. C. P. Perin and C. M. Weld {Iron Age, Toi. 
LXXXVIII; Econ. QeoL, Yol. X). 

For mapping the iron-ore deposits, and in the estimation 
of quantities, the Forest Survey maps of 

Maps available. Singhbhum on the scale of four inches to the 

mile proved extremely good. For the Keonjhar and Bonai 
States, however, the best maps available are the Bihar and 
Orissa sheets on the scale of one inch to two miles for a 
small portion of the northern parts of the States. For the 
remainder of the area in these States, the best maps are the 
old Bengal Survey sheets on a scale of one inch to the mile, 
made about fifty years ago. Thes!e maps are not contoured 
and are very inaccurate. 

Owing to these unsatisfactory maps, to the hilly country 
covered with thick forest in which the iron-ore occurs, and 
to tlie uncertainty of the depth to which a repilacement 
deposit extends below the surface, the estimates have neces¬ 
sarily been framed on very conservative lines. 

The area consists of a mass of hills and ridges largely 

Topography. 
covered with reseived and protected 
forests of sal trees. The small valleys 

between the hills are usually covered with soil, which has 
been cultivated. The hills rise about 1,000 to 1,500 feet 
above the valleys. The iron-ore, and the helnatite-quartzites 
with which it is often associated, being the hardest and most 
weather-resisting rocks in the area, are mainly responsible 
for the topography of the country; and the«te rocks almost 
always form the tops of the hills. In Eeonjhar State, the 
valleys are more open, but soil usually covers the rocks of 
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the low gToiind, so that with the exception of the hematite- 
quartzites, good exposures are seldom seen. 

The general drainage of the aiea is towards the north¬ 
east,—^the principal rivers being the Karo, the Koina, and 
the Baitarani. 

Owing to its hilly character and the small extent ot the 
plains, the area is sparsely inhabited, and the scarcity of 
roads makes travel and communication extremely difficult. 

The rocks of the area are shown by ilaclaren in his 
account of ‘ The Auriferous <Jccuirences 

Geology* Chota iJTagpur, Bengal,’ as Dharwars 

[Rec, GeoL Ind., Vol. XXXI). 
Fermor in ^ The ilanganese Ore Deposits o± India ’ 

(Mem, Geol, Surv, Ind., Yol. XXXVII, footnote p. 619), in 
referring to the area south of Chaibassa, says " The but 
slightly metamorphosed character of these sandstones and grits 
and their gently rolling disposition would be more consistent 
with a Kadapah than a Dharwar age for them; but I think 
that in this case we have to deal with some Dharwar sedi¬ 
ments that have escaped being much folded and have there¬ 
fore been but slightly metamorphosed.’ This is a point 
which early attracted my attention,—^the metamorphism being 
very much less than one expects to find in Dharwar locks, 
and I was not surprised at finding undoubted proof near 
Jagannathpur, south of Chaibassa, that the Iron Ore Series 
rests unconformably on the upturned Dharwar schists and 
quai^tzites. 

Fermor in his Presidential Address to the Geological 
Section ot the 6th Indian Science Congress^ gives the follow¬ 
ing general classification of the Archaean rocks of Chota 
Xagpur: — 

(1) Oldest gneisses and granites—^not yet certainly identi¬ 
fied. 

(2) Dharwar •sediments and contemporaneous lavas. 
(3) Oldest gneisses re-melted—^now post-Dharwar and prob¬ 

ably forming a considerable portion of the ‘ funda¬ 
mental gneiss.’ 

iProc. A^atic Soc.^ Bengal^ Vol, XV, p. olxxvii. 
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(4; Posft-Dharwar intrusives— 

[а) Peridotites and other ultra-basic rocks. 
(б) Granites and pegmatites. 
(c) Epidiorites (altered dolerites and gabbros). 

The Iron Ore Series, which ha* now been found to be 
)± \Aei age than the Dhaiwais (c/. p. 20Gj, evidently lies 

between Fermor^s groups 3 and 4; for though this series is 
certainly later than the Dharwars yet in places the lower 
beds of the series have been penetrated and absorbed by 
the granite. 

The Dharwars are certainly the oldest rocks recognised 
in the area^ and after their uplift and denudation, the rocks 
of the Iron Ore Series were laid down on them uncon- 
formably. A mass of granite was then intruded into the 
whole, but it seems to have raised and folded the Iron Ore 
Seiies rather than penetrated them to any large extent. 
This was followed by a period of basic intrusions, which 
took the form of dykes in the granite area, and to a less 
extent in the Iron Ore Series. There are also large quan¬ 
tities of interbanded basic igneous rock in the Iron Ore 
Series, some of which appears to be contemporaneous and 
some later than the Series. Some ash beds have been found 
in the interbanded igneous rock. These intrusions of igneous 
material were accompanied or followed shortly by folding 
and faulting of the Iron Ore Series on a very extensive 
scale. That there was more than one period of basic intru¬ 
sion is proved by the presence of fragments of the basic 
rock in some of the fault breccias, with a similar basic 
rock acting as a cementing material to the same breccia. 

Some intrusions of ultra-basic rocks also ^ occur, but these 
have not been thoroughly examined. 

The Dharwar rocks consist mainly of quartzites with 
hornblende-, quartz- and mica-schists. The strike and dip is 
variable. 

The Iron Ore Series commences with a basal sandy con¬ 
glomerate, ranging in thicknefite up to about 60 feet, and in 
places very coarse-grained; it consists of angular and rounded 
pebbles of red jasper and white quartz cemented together 
by purple sandy material. This conglomerate is overlain by 
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about 40 feet of purple aud pale greyish lime&toue, which 
contains a considerable amount of fine-grained chloritic mate¬ 
rial along the bedding planes. This in its turn is overlain 
by a great thickness of shales, which are often very ferru¬ 
ginous and penetrated by thin veins of quartz. Above these 
shales come banded hematite-quartzites comprised of bands 
up to about an inch in thickness of hematite, chert and 
jasper in varying proportions. In places the hematite-quart¬ 
zites are seen to pass along the strike into good ore. Above 
the hematite-quartzites is another thick group of shales, 
which is also often very ferruginous. Both groups of shales 
contain small lenticular beds of sandstone. The hematite 
occurs as a replacement product in the banded hematite- 
quartzite, and to a much less' extent in the shales above 
and below the quartzite. 

The rocks of the Iron Ore Series near the granite south 
of Chaibassa have a general north-north-east to south-south¬ 
west strike, and are gently folded. Towards the west the 
dipa become greater, and the rocks have been very much 
folded and fardted. This faulting is well seen near Lipunga, 
and a strike fault apparently runs along the whole length 
of the ^ east side of the main iron-ore range. The rocks to 
the west of the fault have a very steep dip in a westerly 
direction. In the north part of the range the banded hema¬ 
tite-quartzites and the hematite have a general north-north- 
east to south-south-west strike, and dip at about 70® to the 
west-north-west; but towards the south the strike becomes 
nearly north and south with a similar dip to the west. 

Practically the whole of the ore is hematite and as far 
as I know no quantity of magnetite occurs 

Mfuer^ogy^ani^nature bodies. Small octahedral crys¬ 

tals occur in the ore occasionally, but they 
appear to be mainly martite (L. 684) as the rock has no 
appreciable effect on the magnetic needle. Small octahedral 
crystals some of which are magnetite and some of which 
appear to be martite occur also in the banded hematite- 
quartzite. The hematite is rather variable in character and 
the varieties may be grouped as follows:— 

(1) Massive hematite. 
(2) Laminated hematite. 
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(3) Micaceous liematite. 
(4) Lateritic hematite. 
(5) liematite bieccia. 

(1) The massive ores, which aie piactically puie hematiie. 
have a steel giey coloui, and are usually extremely fine- 
giamed and compact. This oie has a specific gravity of 
about 5’0 and specimens have yielded on assay 70 per cent, 
of iron, whilst samples of exposures of the massive ore yield 
over 66 per cent, of iron. These massive ores occupy about 8 
cubic feet per ton, but usually pass into the laminated variety. 

(2) The laminated variety is variable in character, varying 
from a solid reddish type (L. 667) through a solid lami¬ 
nated variety (L. 627) to a less solid laminated variety 
(L. 622) which is often inclined to a shaly character, and is 
often extremely porous (L. 024, L. 685). This shaly character 
is usually due to laminae of the massive grey variety inter- 
banded with laminae of less compact ore, often of a reddish 
colour and usually veiy poious. The specific gravity varies 
consideiably, depending on the proportion of the massive ore 
and the amount of porosity. Owing to their porous nature 
these ores often become hydrated, and tend to become lateiit- 
ised. This type varies in density from about 10 to 12 cubic 
feet to the ton, ranging up to 16 cubic feet, when very- 
porous. As would be expected from their nature, the ii*on 
content varies considerably, but is usually well over 60 per 
cent, and in some of the denser types it approaches very 
closely to that of the massive varieties. 

(3) The micaceous variety is usually so fine-grained and 
unconsolidated that it falls into powder at a touch. This 
type is looked on with disfavour, as the material tends 
either to get blown out of, or to choke, the blast furnace. 
As it contains well over CO per cent, of iron, it is much 
too valuable a product to waste, and could be used if it 
were either sintered or made into briquettes. 

(4) The lateritic variety occurs in large quantity through¬ 
out the area, as a surface alteration product, sometimes of 
the iron-ore itself, at other times of the ferruginous shales, 
and at still other times of the hematite-breccia. The quan- 
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tity of iron m tliese tj^pes varies consideiably and langes up 
to about 60 per cent. 

{5j The hematite-breccia (L. 628j consists of the debris 
material which accumulates on the ^^lopes of hills, in oH 
iner vallevs, and on plains between the hills, and it becomes 
cemented together by lateiitic or hematitic material. A hema¬ 
tite-breccia (L. 576) caused by faulting has also been noted. 
In some cases, such as in Pachri Burn and in Thakuiani 
Burn, there are big accumulations of this material, an"! 
as the fragments often consist of very solid hematite, thebe 
vill give laige supplies of good ore. 

On page 204, an average analysis of the ore at PansLa 
A Burn is given. This agiees fairly well 

■with a number of analyses given to me 
by the Tata Iron and Steel Co., Ltd., of samples 
tioia the deposits prospected by them: — 

1 

Tan U aioi 
lb 

Kitimati 
19 saia^^le*' Pxoiiu n »1 

Iron . . 
1 

04 C Oo 4 OJ03 03 94 

• • j 0 013 0 019 0 030 0 024 

Pnc ^hoiiib • 
\ 

U03S onso 0 osb J 1 0 072 

Its Re& « - • 1 IJ 2 35 2 11 2 40 

Man^ane-e . * - • 104 tiace 

ritamnm . • • ... trace 
1 

( 

In the Sasanada deposit the phosphorus varies consider¬ 
ably. ranging up to a maximum of 0*103 per cent. 

In the above samples fiom the Jarida Buru area the 
pht»bphuius varied considerably, namely, from 0*038 up to 
0*152 per cent. Tuo of the above samples from the Katamati 
area weie tested for titanium, and gave 0*25 and 0*20 per 
cent, titanium respectively. Pour specimens from Paclir! 
Burn tested lor titanium, only gave traces. 
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ine jLiicUii ]_ J n-'-s ui tllO‘^e anahbeb aie "lie non 
content, "^Iie lc^^ yeicentage ot bulpliui and titaniani, ai.d 
+he -saiiabiiity ot the pliObplioiii> content. Aianganese hi 
ny jnantZLY seems to occui only in tlie lateiitic 'variety 

j± the 01 e. 
The <'\eKgo ot taken mo £iom tlie J.cpo'^ixs 

t vSasangcIci, Taiida, Pansiia, Gaa. etc. and assayed in 
tie Gr^olng cal Laboictoijt, gave about G4 pei cent. 

non Sam]iJos of tbe better parts of tbe deposit^! often 
1 in rp to 08 or C9 pei cent, of iion. 

Tlie esiiniates ba\e been made almost solely fiom snrlace 
obseivations. In all cases the figures refer 

Methods of esttmaiion oie-bcalies containing nut less than 60 
of quantities of ore. 4. 4! • i i. i i j 

pel (ent. ot non, and must be looked on 
^ an i Mjlate » nimiru In lie (a^e ot ueituii hem* tite 

debus v'-.uH ailed ' fioc t aieas, t is piobable ihat the 
debus co\eis solid oie, but piospectmg pits aie necessary to 
pioie tliib. In these debus deposits, *n average thickness ot 
five feet has been taken and fiom 30 to 50 cubic feet of 
giouud to the ton of oie. With the more massive ore the 
exactitude of tbe esixniateb depends largely on a coned 
appieciation of its porosity. For the solid oie, in no case 
has less than 10 (iibic feet to the ton been taken, although 
theoietically 7 cubic feet of solid hematite goes to the ton, 
and there seems little doubt that oie fiom pails of some 
of the oie bodies, such as Pachri Buru, Joda, Sasangda, 
etc., TTill piobaldy coiiebpond in density very nearly to the 
theoietical fignie. "With the porous shaly ores 12 to 15 cubic 
feet has been taken to the ton. 

With a replacement ore-body it is impossible to say vhat 
happens below the sniface, but it is difScult to suppose that 
a big deposit such as the main ii^on-ore range, where the 
locks dip at about 70^ to the west, and where replacement 
has been almost continuous for a length of thirty miles, and 
across a seiies of beds varying from say 400 to 1,000 feet 
in thickness, will die out in a short distance from the sur- 

^ Eermoi di-scards humorous mi'^nomer ay appbed to similar occtnrencei of 
manajanese-oie and u^eb the teim ote oi Udu^ oie. Mem Geoh Surt Ind. 
XXXVn, p 5‘j3. 

o ^ 



212 "Records oj the Geological Survey 0} India. [Vol. LIV. 

lace. I have no doiil^t tlierefore, tL.at replacement will be 
found in parts to ha\"e taken place to a depth of many 
hundreds cf feet; but boring or other prospecting work is of 
course necessary to prove this. Tlie slopes of the hills are 
usually covered, and it is only occasionally from observations 
of differences of height between the ore at the tops of hills, 
and the same bed of ore in streams cutting or running away 
from these hills, that one gets any idea as to the depth to 
which replacement has taken place. In no case however, has 
ore been taken as extending to more than 150 feet below the 
surface although from differences of height, a depth of ore of 
as much as 700 feet has been deduced. 

Very little real prospecting work has been done by the 
vaiious companies that have taken up or applied for areas, 
but from the small amount done, it seems possible that the 
solid ore may give place to the unconsolidated micaceous 
variety at depths of about 100 feet below the surface. 

As will be seen Ihe figures adopted for the estimates are 
all well on the conservative side, and I have little doubt 
that when the deposits have been opened up and proved by 
borings, etc,, the true figures will be found to be more than 
double my estimates. 

The major part of the iron-ore seems to he fairly evenly 
divided between the Singhbhum District, 

^ qiSiimy°of ore, Eeonjhar State and the Bonai State. 
■ * The minimum quantities estimated up to 

the present for ore of nor less than 60 per cent, of iron 
are— 

SinghTjhum district 

Keonjhar State. 

Bonai State. 

Doubtful, Bonai State or Keonjbar State 

Mayurbhanj State .... 

Tons, 

1,074,000,000 

806,000,000 

656,000,000 

280.000,000 

16.000,000 (?) 

Total . 2.832,000,000 

I have not made an estimate of the quantities of ore 
in the Mayurbhanj State, and am unable to express any 
opinion on the correctness of the amount of 16,000,000 tons 
reported to occur there. 
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The non-ore usually occuis at oi neai the tops of hills 
ji langes of hills, but near Jamda in the south of the 
Miighbhum and in paits of the Xeonjhar State 
it 13 often found at very low levels, and in some cases ac- 
tUcJh in the plains themselves. The most important of these 
laiige^ OI hills is the one that staits near Kompilai in the 
Jonai State, and continues to the noilh-uoilh-east io a piJiut 
about three miles south-west of Gua, a distance of about 
t^ iity miles. Running mure oi less paiaHel to this rai^ge, 
and possibly faulted from it, are other smaller ranges which 
contrin good iion-ore. The main lange rises some 1,500 feet 
iLove the plain, and iion-ore averaging over 60 per cent, 
d iioii occurs foi piactically the whole length of the thirty 

miles. A few small breaks occur, where the rock has not 
been replaced, oi where folding has occurred, but these are 
negligible compared with the total length. The rocks form¬ 
ing this range dip o-t about 70^ in a north-west to west 
direction, so that the width of the outcrop of the iron-ove 
which vaiies up io 1,000 feet, ghes piacticallj^ the thickness 
of the ore bodies. 

Owing to the hilly natuie ot the countiy, ii will prove 
rather clitfii ult to get the lie away. The 

ranspo o e ore, Beiip il-Nagpm Railvav, 

which runs in a more or less east and west direction, lies 
'scme twenty to forty miles noi’th of the main deposits, and 
is separated from them by hilly eounny. 

In the western put of ilie Kozhin, the Bengal Ii*on Co., 
Ijtd., have a light railway lunnhig along the Koina river 
valley fiom llanharpur to their deposits at Pansira, with 
a branch running to their Ankua deposits. It seems doubt¬ 
ful if there is any other possible route into the western 
])art of the iron-ore area on which extensive tunnelling would 
pot be necessaiy. 

In order to tap the dejiGbits on the east side of the 
area, the Bengal-Nagpur Railway are constructing a line 
from Amda on the main line, through Chaibassa running 
down on the east of the hilly country, to the south of 
binghbhum. This line lies to the east of the hilly country 
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and lionu it biaiiclLe*^ will be ronstinoted to tbe Taiioii«? de- 
positN in Smc>bbbiim and also to pails of KeoiL3hai State 

As fai as I know, no definite scLen^e has \et been pio- 
posed for extiaclins oie from Bonai State 

The Bens^al lion Co Ltd transpoit then oie from the 
woiking places In means ot giarit^ inclines and tiams to 
cenliil stcia£)e bins, fiom which it is taker by an aeiial 
rnpewa^ ri Pansna and b a self actina incline at Ankua 
to the foo+ of the hills 

EXPLANATION OF PL47E. 

C—^Ttie Iio ru 4.'* 10 ^ Ji1hii^nM> a Scai 1 4 mi 
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Geological Results of the Mount Everest Recon¬ 
naissance Expedition. By A. M. Heron, D.Sc- 
F.G.S, Officiating Superintendent, Geological Survey 

of Indian (With Plates 7 to 13.) 

L—THE ARUN BASIN, TIBET. 

Introduction. 
Tlie are£ ^eologicallv examined consisis of oxer 8,000 

sqiiaie miles, included witliin a rectangle some 120 miles. 
fiOLi east to west and 70 miles from nortli to soutli. TMs 
cciiesponds with the Tibetan portion of the drainage area 
of the AiuiiriTv^i, a complicated system of valleys the streams 
oi which unite to form the Arun before it breaks through 
tl e main Himalayan ran^e in the impressive goige below 
Xharta. The headwateis of the Rongshar Chu and the 
Bhutia Hosi (Po Chu) above Hyenam vere also examined* 

The southeiii wateished is the line of great snowy peaks 
1 aiming fioin the Khungphu or Nangba pass south-eastwards 
tluouiih E%eiest and Makalu to the Arun, and, to the east 
ot ihe Arun, is the continuation of the range which divides 
Pikkim from Tibet, a range which lies considerably to the 
north of the great Kanghhenjanga group of peaks. The 
iiorthei'u watershed may he the extension of what has been 
termed the Ladak or Horthern range of the Central Himalaya; 
bi'l here this is hardly a definite range, but rather a broad 
belt of high and much disserted country, with a few peaks 
of over 20,000 feet, distributed without linear arrangement. 
To the north of this watershed short tributaries drain to the 
Brahmaputra (Tsangpo). 

I am greatly indebted to the promoters of the Expedition 
for the privilege of accompanying it and in particular to 
Colonel C. Howard Bury, D-S.O., the leader, for much 
assistance and practical interest in my work. 

* Read before the Indian Soienoe Congress, Madras. Reb. 1922, 
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ily work is virtually a continuation, to tlie westward, 
of Sir Henry Hayden’s pioneer investigations during the 
Tibet Expedition of 1903-04^; witli tlie exception of Sir 
Henry Hayden no geologist bad visited this part of Tibet. 

Hy mapping was done on a scale of 4 miles to the inch 
oil skeleton maps furnished by the topographical surveyors as 
their plane-tabling proceeded. !My very cordial thanks are 
due to Hajor H. T. ilorshead, E.E., D.S.O., in charge of 
the Survey of India detachment, for many such facilities 
given and for valuable information, accompanied by speci¬ 
mens, from localities which I could not visit. Over a consi¬ 
derable portion of the area however my work had to proceed 
in advance of the surveys, geological boundaries in such 
cases having to be <li‘awn on the maps subsequently from 
memory, supplemented by sketch maps and notes. The general 
conditions of the Expedition were indeed unfavourable to 
detailed work, in consequence of which I endeavoured to 
traverse as large an aiea of Tibet as po&sible and to lay 
down on the map with fair accuracy the boundaries of 
the different formations where they weie accessible. A con¬ 
siderable amount of interpolation was however necessaiy and 
my work must be considered as a reconnaissance and nothing 
more. 

if I had had the good fortune to accompany the second 
Expedition I had hoped to examine moie carefully the 
crystalline area in the neighbourhood of iloiint Everest, 
with the assistance of llajor Wheeler's map, constimcted 
fiN m photographic surveys on a scale of 1 inch to 1 mile, 
and to oast some light on the many problem^ connected with 
the granites and gneisses and their relationships with the 
metamoiphosed sedimentaries. The quarter-inch map was on 
tot small a scale and was available too late to be of use in 
the mapping of the crystalline complex. 

Geologically the area is divided into two: 

(a) Tibetan and sedimentary to the north. 
(h) Himalayan and crystalline to the south. This dis¬ 

tinction is clearly displayed in the topography 

^ The Geology of the Provinces of T-^ang and t m Central Tibc+. 2Iem. Geol. Su9v. 
nd., XSXVI, pp. 122-201. (1907). 
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lesuitiiig from the underlying geological structuie, 
for to the noith we have the sonieT\hat tame, 
luunded and lumpy mountain ranges of Tibet, with 
their broad and flat-bottomed valleyb, contrasting 
with the higher, steeper and more rugged Hima¬ 
layas on the south. 

Economically the Expedition met with nothing of intei- 
est. On moinines stones showing the green staining oi coppei 
compounds were now and again seen, but beyond that I sa^7 
no signs of mineialisation. A few clear fragments of pmk 
tcuimaline and garnet weie picked up by the coolies, but 
none were sufficiently free from flaws to be woi^th cutting. 
I panne<l tbe giavels in several places for gold but without 
getting a colour. 

Physical Features. 
The two main blanches of the Arun river, the Phung 

rhu (br Men Chti as it is called in its 
River systems. upper poition) and the Tarn Chu (Ko 

Chu) flow from the west and the east respectively, in a 
general easi and west direction, uniting near the village of 
Lashar and then flowing southwestwards and southwaids 
thiough the main Hunalayan range. The Taiu Chu rise-> in 
the hills to the north of Kampa Dzong and meandeib 
thiough the bioad plain which heie lies at the northern 
foot of the snowy range, until at Sar it meets a high spur 
of crystalline rocks projecting northwards. This deflects it 
in a great sweep to the north-east and it finally cuts through 
the toe of this spur in the Eongme gorge, instead of flow¬ 
ing round its end. The Men Chu rises on the northern 
slopes of Gosainthan, above the Pekhu Tang, a great plain 
which contains a basin of enclosed drainage, the Pekhd 
Tso. On leaving the plain it finds its way for some distance 
along a valley excavated in a syncline of Cretaceous limestones 
and then cuts northwards in a fine gorge through interven¬ 
ing Juia*=sic shales to another pamllel limestone syncline; some 
sixteen miles along this valley it is deflected back again to 
the original syncline by a N-S ridge-barrier of pegmatite 
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’seiiis and liaid Along this srncline it then flows a-- 

the Phniig Chu foi between fifty and sixty miles to neai 

junction with the Yarn. 
Two of its mure impoitant nortbein trihntaiies, the Shi 

Chu and tl ‘ Lu Chn, also have their courses laigely detei- 
niined hj the pieseiice of the softer bands of Cretacedn^ 

limestones. 
Parallel to the Phung Chu and joining the Arun twenty 

miles below the confluence at Lashar, is the Dzakar Chn. 
which, with its tributaries the Ding Chu and the Neo Chu. 
drains the mountainous district of Pharuk. In these tribu¬ 
taries also the synclinal origin of the valleys is distinct. 
The main diainage lines are theiefore parallel to and depen¬ 
dent on the folding to which the legion bas been subjected: 
the general stiike direction of the folds is TT. Is. TT.— 

E. S. E. 
Appi oximately at right angles to the longitudinal drainage 

svsteiii aio a number of tiansverse tributaries. Those from 
the noithein slopes of the Great Ilimalaya are turbulent 
glacial toirents with straighter courses and greater dhschaige 
than those fiom the Ladak ranae. Of the latter the move 
fiiipoitant occupy valleys inteiveiling between tracts of hi^h 
land which owe their prominence to their being composed 
of hardened and partly metamorphosed shales with cluster's 
of intrusive granite veins. 

Except for glacial tains held up by moraine dams the 
, , Arun region is devoid of lakes; at either 

end however are basins of enclosed drain¬ 
age, that of the Tso 3Io Tre Tung to the east and to the 
west that containing the Pekhii Tso, the Kharru Ochen T'^o 
and the Ehoinen T'^o. All these are very shallow and vary 
greatly in extent according to the season of the year. In 
the broader valleys are extensive swamps and tiacts tem¬ 
poral ily flooded during the rains, and the so-called lakes aie 
in fact little more. 

Theie i'^ little doubt that the Arun has cut back thiougli 
the Great Himalaya range and has cap- 

Changes drainage tured a river which possibly flowed 

fioni the vicinity of Gosainthan luoie oi 
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le^s dloiio tlie piesent cuiu^e-^ of the iEen Clm and the 
Pining Chn and then througd« the -TikkyoiJ gap and ovei 
tiie plain io the sontL of Kam^ia Dzi^ng: thP liver mav 
e^en, as Hayden^ <iigi>e«;ts, have llov-ed muthvaid to join 
the Tsangpo, perhaps oa the line ot the Xyang Chn, the 
iivei which passes Gyantse and Shig-atse. The Dzakar Chu, 
now also captured hy the Arnn, inohaldy joined the above 
conjectural liver flowing noitheastw.ii Is on a conise appioxi- 
niately fiom the Knyok La above Lnngme, along the present 
Vdlley of the Aiun between Khaikiini, arcl La^hai. 

The Aruii has two gorges. The lower, in which the rivei 
falls 4,000 feet in the 18 miles measured in a straight line 
^ et^ieeii Eh iitu and Eyinialang, is faiil;? stiaisrht, with 
Wells lising 5.000 feei and moie in iminteiiupteu slopes so 
steep as to prevent hninan passage, lait allowing l)ushe^ and 
trees precarious roothold. The upper gorge is an extiaordi- 
nary one and so far I am unable to give an explanation of 
it^ 01 igin. TTliere it enters the goige the liver is flowing 
thiouah a faiily open valley with immense teiiaces of bould- 
ei^ and gravel, in the diiectu»n of the Euy(dc La, a low 
pass o-^or comparatively soft schists. Abruptly the liver turns 
upon itself and then plunoes at a lighi aiij>l*^ into the hea^r 
ot a high mountain (To Ei of hard gneiss, in a gloomy 
canyon with almost vertical walls. Throiioh this gorsre the 
liver flows south for three mile^, then swings again and 
flows west for four miles, finally eiuerglng fiom the goige 
on the other side of the Kiiyok La, into an open valley 
which has exactly the same line and character the original 
valley. Thus it cuts along two sides of a triangle in hard 
gneiss, in preference to frllowinsr the hyp(»tenus8 in soft 
schists. The Eongme gorge on the Yaiu Chu (Eo Chu of 
the map) is somewhat similar, as the stream now cuts 
thiough the end of a northward trending spur of gneiss and 
adjacent hard phyllites. It seems probtihle from the confi- 
guiation of the country that the Turn once flowed through 
the Jikkvop gap four miles to the noith, the present course 
of the Chihlung Chu, and that it was subsequently captured 
by a tributaiT from the east. 

1 Loc, ci*., p. icf’. 
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I was tible this year to ilevote only an occasional day or 
two to tlie vicinity of glaciers, but I am 

Glaciers. testimony to tbat of 

Hookei, Blanford, Hayden, Garwood and otbeis, concerning 
the former much greater extension of glaciation. The present 
Gjlaciers are but puny representatives of their former might, 

shown by the hxige moraines which encumber oil the 
noithern valleys. Two at least oi the mctin glaciers of 
ilakalu flowing to the Xaima vallev, show evidences of 
lecent advance. 

The Himalayan Zone. 
Ihe Himalayan and ciysttdline zone is e^&entiaily com¬ 

posed of a foliated and banded bictile-gneiss, U'^nally garneti- 
lerous, intimately injected with dykes and sills of all sizes 
of a schoil-muacovite-granite or pegmatite. The latter is often 
prea-ent to such an extent tli it i+ is the predominant reck. 
Foiming an intermediate zone between the gneiss and the 
Til)etan sedimentaries is ti band of metamorphic rocks, re¬ 
garded as altered representatives of the latter; these are also 
penetrated by intimsions of the schoil-granite in great profii- 
^ion. The metamorphic rocks appear to lie upon the 
gneiss, which is probably intrusive in them, but thi'^ point 
i*: one which I was unable to invebtigate. Other questions 
which aribC are to what extent the gneiss repre^^enls very 
highlj" metamorphosed sedimentaries, and to what Extent it 
i=; an injection-gneiss formed by the intrusion and rolling 
out of granite veins along the foliation of mica-schists. 

A.lth*mgli the rock 4lows but little variation in mineral 
constituents, it varieo so greatly in their 

Biotlte-gneiss. proportion, in structure, and in texture, 

that it is difficult to believe that the whole of the rock is 
of one origin. !iluch of it is undoubtedly derived from 
*»ranite, as for example the uoi'phyritic augen-gueiss type 
-^nd e less common variety found in large amount near 
Ehart*!, in which thin and rather sparse foliae of biotite 
with abundant felspar form lenticles twisted and contorted in 
eveiy direction. In the Eharta and Dzokar valleys this re¬ 
sembles a type common around Darjeeling, in which alternate 
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Schorl-granite. 

dark and light bands, biotitic and felspathic respective! 
form a rock which fi’om a little distance has the appear¬ 
ance of a bedded sedimentary seiies. As i^ the case near 
Darjeeling, the planes of foliation or banding have usually 
low dips, and this variety is notably garnetiferous. Low down 
in some of the valleys towards the Nepal frontier, as for 
instance below Nyenani and Tasain and also jDrobably near 
Hyimatang, large bodies of mica-schist are found, analogous 
to the schist occurring in the bottom of the Tista valley 
near Darjeeling and in other localities said to be found 
underlying the gneiss of Sikkim.^ 

The latter have been mapped by Bose as the Daling 
series; it is however uncertain whethei the schist near the 
Nepal frontier l)elongs to an altered sedimentary series or 
is a variety of the gneiss. 

The schorl-granite varies in texture from i fine homo¬ 
geneous granite to a coarse porphyritic 
pegmatite, sometimes with graphic inter- 

growths of quartz and felspar. It is the latest in age of 
the igneous rocks and occurs practically eveiywhere in the 
crystallines examined, penetrating both gneiss and meta- 
morphics in veins and sills of all sizes. The habit of the 
sills is specially characteristic, namely concordance with the 
foliation of the rocks Into which they are intruded. 

Intrusion has taken place to such an extent that schorl- 
granite is often seen to be the predominating rock, and also 
its toughness and lack of joints and foliation cause it to 
resist weathering and abrasion in screes, moraines and streams, 
so that it nearly always is the main constituent of detrithl 
accumulations. In addition to the essential minerals quartz, 
plagioclase, black tourmaline (schorl) and muscovite, the 
granite has as accessory minerals garnet, yellow and pink 
tourmaline, and beryl. 

The metamorphics comprise a considerable variety of rocks, 
all of which, except certain massive 

Metamorphic roc . quartzites, are distinctly banded or foliated 

^ Garwoorl, in Ereshfield’s * Round Kancclieniunsfa \ p. 275 ; Mallet, Gcoh 
Surv, Tnd„ Yol. XI, p. 41 (1874); Bo«e. Bcc: Ocol Surv. Tol. XXTV, pp. 4C, 221 
1S911. 



222 Records ql i^ie Geologic il Suroefj ot lo li i. [Vol, LIV. 

in layers ot dilteiing inineial composition, tlie directions of 
wliicH aie detei mined liy the uiigiiial stiatification. They 
lange fiom qnaitzites and micaceous qnaitzites to mica- 
sv^hists and tonmaaline-ndca-schiats, lepiesenting the arenace¬ 

ous and argillaceous sedimentaiie^-, ^iih ciystalline marbles 
and banded actinolite-, diopside-, and epidote-schists repre¬ 
senting the calcciieouft rocks. Graphitic ''chists have also been 

noted, but are raie. 
Considering horr dislocated aie the mettimoiphics due to 

intrusion oi ^’ein-granite, the comparativelT low angles at 
which their planes of toliation lie as a rule, strike one in 
the :Etll as suij lining, especially in compaiison with the 
intense ciumpling which the same locks hare undergone in 
the Tibetan Zone. As one ascends any of the headwaters of 
the Dzakar Chu towards the Everest group, one leaves tlie 
twisted and crumpled Jurassic shales and passes downwards 
in the section, as the general dip is northwards, though 
ttcluallv rising in elevation, to the gently rolling lime^^tones 
underlying them, which flatten out as they become more 
..Itered and the snowy range is neared. In the Rongbuk 
valley for instance, above the Chobn monastery, are lime- 
•stoue’^ much fissured and veined with ciystilline calcite, 
underLiin by a tnick sill of schoil-gianite and pervaded by 
innuiiierable smaller sills and strerks. Some sixty feet of 
the limestone immediately above the main sill has been 
c<‘nveited into amphibole-schist and below the sill is a band 
ot mica-schist5> streaked and knotted with granite in hf-par~Ut 
injection to such an extent that the product has a very 
strong resemblance to the banded variety- of the biotite- 
gnei‘3s. In the gorge of the Dzakar Chu between Kal and 
Tsa is exposed a great thickness of flaggy limestones with 
clayey partings. At the ba>e of the section there are great 
masses of schorl-granite with amphibole- and epidote-schists; 
upwards the former becomes more definitely sill-like, inter- 
bedded with schists and finely crystalline and mottled lime¬ 
stone, The limestones remain crystalline for a considerable 
distance above the horizon of the topmost sill and then pass 
upwards into black limestones, non-crystalline and calcite- 
veined, and are finally succeeded by Jurassic shales and 
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In tlie vulleyb above Eaplin and Cbodzong alteia- 
tion takes independently o± granite intinbions, caleitci- 

eined, knotted and brecciated limestones passing downwards 
into ppoxene-, actinolile- and epidote-scbists. In tbe above- 
described sections tbe change from sedimentary to metanior- 

look is veiy lieaily seen, taking place gradually m 
.. a^iiiivent fliit-iaces with no break nor discoidance in tbe 
stratification; from a short distance away it is indeed often 
imj^ossible to say whether one is looking at limestone ox 
calc-sohist. 

Speaking generally it may be said that the valleys to the 
3'oith-wesi and noith oi Eveie^^t, ?.e., valleys above about 
15,000 feet, aie excivated in metamorphic rocks, whereas 
ill' se to the noi*th-east and east, for the most part below 
iibout 15,000 feet, aie in gneiss. It was impossible, in the 
time at my disposal and with a small scale skeleton map, 
to attempt to lay down a boundary between metamorphics and 
gneiss, but it would appear ])Ossible that the metamorphics 
form a sheet dipping gently noithwards and underlain by the 
L,ijeiss. The gneiss is probably intrusive in the metamoiphics, 
judging fiom evidences of its age elsewhere in the Hima¬ 
layas, and it may be possible to ascertain this definitely on 
turthei investigation. 

The group of high peaks between the Nangba La and the 
Eongbuk glacier, and the north-western side of Everest itself 
up to the summit are composed of metamorphics, with, of 
rouise, much schorl-granite, to the resistant power of which, 
and not to the easily eroded metamorphics, is due to the 
eminence of these peaks. When I visited the Kharta and 
Earma valleys on the east of Everest before Ihe end of the 
monsoon, the mountain was too much covered with fresh 
snow to show any geological structure. The base of Makalu 
in the Karma valley is gneiss, but Col. Howard Bury states 
that its upper portion is pale granite. 

In the neighbourhood of Dak in the Arun valley, numer¬ 
ous fragments of amphibolites, both foliated 
and granitoid, were observed, but the 

parent mass was not found. The nature of these amphibo- 

Amphibolites, 
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litefc) is therefore uncertain, but they aie probably altered 
igneous rocks of intenuediate or basic composition. 

Tibetan Zone. 
The Tibetan Zone consists in the main of a great thick¬ 

ness of intensely folded Jurassic shales, the folds in general 
striking east and west. ‘Pinched up in these folds in several 
very elongated and ' nariow synclines, aie limestones belong¬ 
ing to the Kampa System of Hayden, of Cretaceous and 
Eocene age. These synclines are closely compressed and 
oveifolded, their axial planes dipping to the north, showing 
that the compressive force which produced them acted from 
that direction. 

Along the southern border of the Tibetan Zone, below 
the base of the Jurassic shales, is a great thickness of 
flaggy limestones, in which the fossils have been destroyed 
and the rocks themselves converted in part into crystalline 
limestones and calc-schists. The age of these cannot be deter¬ 
mined with eeii:ainty, but their character and position in 
the sequence indicate that they are possibly Trias or Permian. 

From a palseontologist’s standpoint the country which I 
covered was very disappointing, but I am, nevertheless, much 
indebted to my colleague, Mr. G. H. Tipper, for identifying 
for me the small collection of fossils trhich I made. The 
Jurassic shales are almost unfossiliferous and yielded only 
a few ammonites, belemnites, and crinoid stems of little 
interest. The thick limestones bordering the crystalline zone 
show, near their top, abundant signs of organisms in the 
form of curved layers of crystalline calcite which in all 
probability are the remains of large lamellibranchs tr 
brachiopods; but in several days search in favourable l.'cn- 
lities I failed to discover a single specimen showing anything 
more definite. 

The Eocene and Cretaceous limestones, the zones of which 
have been worked out in great detail by Sir Henry Hayden 
in the magnificent and less disturbed sections of the Kampa 
ridge, here occur in much compressed synclincws, in which 
fossils have been destroyed or damaged by the shearing 
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TvliicL. they have xuideigoiie and in vrhich it is almost im¬ 
possible to work ont the zones owing to faulting and inter- 
inption by sti etches of alluvinm. It is only in the Tsipri 
ridge tiiat a satisfactory and detailed study of the Eocene 
and Cretaceous locks can be made; but for this I was 
unable to spare the time, for when I passed it I had been 
sepal ated from the Expedition by floods and had exhausted 
all my money and almost all my food. It is, however, 
unlikely that I conld have added anything of value to Sir 
Henry Hayden’s description of these rocks. 

The Kampa System is developed in two main synclines, 

The Kampa System. 
the northern of which may be called the 
Tsipri syncline from the picturesque and 

sacred lidge on it, and the southern the Phung Chu sjmcline. 
from the chief river of this area, which has excavated its 
ralley along it; there are besides a number of smallei 
synclines. 

It is in the northern syncline only that the Eocene beds 
above the ^ feiruginous sandstone ’ of Hayden*" are found. 

In the exposures between the Tao La and Gutso this 
* feiiuginous sandstone ’ is a massive pink and white quart¬ 
zite, about 100—150 feet thick, weathering into laige blocks. 
In its degree of metamorphism it is like a typical Pre- 
Cambrian quartzite, although the brown shales below it and 
the blackish grits above are almost unaltei'ed; the latter 
contain dicotyledonous fossil wood, and are the highest 
formation present in the section. 

The Tsipii ridge gives the only fair sections of the 
combined Eocene and Cretaceous of the Eampa System. I 
was unable to examine this in detail but the general sec¬ 
tion is as below:— 

Bold scarp . , . Massive thick-bedded grey limestones 
with abundant Alveolina and Oper- 
culina^ alternating with massive, 
white, very fine-grained and un- 
fossiliferous limestones and thin- 
bedded limestones. 

* Loc. c«7., ppj 165, 16^-172. 
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Minor scarp . 

TJnderclifE of above 
Lower scarp rising from 

plain. 
Usually covered, but 

exposed at east end 
of ridge. 

East end of ridge . 

Xortb side of Sbi Cbu 
valley. 

A series of limestones in regular beds 
of medium tbickness; about tbe 
middle of tbis series comes tbe 
‘ ferruginous sandstone.’ 

Grey flaggy limestones. 
Brown argillaceous limestones in tbin 

regular beds. 
Great tbickness of grey unfossiliferous 

calcareous sbales. 

Black and brown splintery sbales witb 
large septarian nodules. 

Grey limestone. Massive quartzite, 
tbe * wall ’ quartzite. 

Tbe upper limestones on tbe south side of tbe ridge are 
corrugated and as they pass to tbe northern side dip steeply 
op to vertical; further north, on tbe northern side of tbe 
Shi Obu valley, tbe limestones and quartzite at tbe base of 
tbe syncline are inverted, with tbe Jurassic sbales overlying 
them and dipping to north at 30® to 80®. Tbe Sbekar bill 
shows a subordinate anticline formed to- tbe north of the 
main syncline. At tbe western end tbe outcrop of the 
topmost limestones descends to plain-level due to a westward 
pitch of tbe syncline; in tbe short ridge to tbe west of 
Temi, they show undulating dips and a great overfold. 

In the Tsipri ridge tbe ferruginous sandstone is not so 
highly indurated as in the Tao La sections'; it contains 
abundant spherical concretions of iron oxide and is in 
certain layers finely conglomeratic, tbe little pebbles, of tbe 
size of buckshot, consisting of transparent quartz, quartzite 
of various colours, and white chert. 

At tbe western end of tbe northern syncline, where it 
emerges from tbe alluvium of tbe Pekbu plain, the Creta¬ 
ceous limestones, in their upper portion, ‘contain numerous 
intercalated tbin bands of sandstone and are themselves dis¬ 
tinctly arenaceous, indicating, with tbe occurrence of fossil 
wood in tbe Eocene grits above the ferruginous sandstone, 
tbe prevalence of shallower water conditions than obtain as 
one passes to the east. 
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The structure is that of a recumbent isocline, of which 
both limbs dip north at 20^^ to 40®, affected however by 
minor lollings and corrugations; the northern margin is 
considerably altered by metamorphic agencies connected with 
the granite intrusions of the Isortliern Range. 

Locally, the prominent sandstone-quartzite band which is 
found elsewhere in the shales a little distance below the 
ba'se of the limestones is wanting. This I call the ‘ wall ^ 
quartzite. Here there is a passage into the Jurassic shales 
through shaly limestones. Just below these passage beds, 
at Menkhap Me and on the Lungchen La, fragments of 
ammonites of Upper Jurassic type, but not determinable with 
certainty, were found. 

East of Gutso and Menkhap Me a broad alluvium-filled 
river-valley and a southward-trending spur of semi-metamor- 
phic rocks and granite veins (the Burtra ridge) cut off this 
>yncline, but there is little doubt that it is structurally 
continuous with that of Tsipri. 

The Tsipri syncline has been described above. It also 
ib overfolded by pressure from the north. To the east of 
Shekar the outcrop of the syncline narrows, through the 
beds becoming more vertical, and as it swings to the north¬ 
east in the valley of the Lo Chu it flattens out again to 
a very recumbent isocline. 

A day’s search in the Cretaceous beds round Shekar failed 
to yield a fossil. The beds appear to have been sheared 
to some extent and are shattered and veined wdth calcite, 
but have not been rendered crystalline; in the Lo Chu 
valley the shaly partings between the limestones are silvery 
from the presence of sericite naica. 

The Phung Chu syncline, also, is overfolded, but not to 
quite the same extent as the Tsipri syncline. It also 
extends to an unknown distance through the Pekhu plain to 
the westwards. Where first encountered, in the west, the 
Men Chu flows along a valley excavated therein; to the, 
south lies* a wide plateau of undulating Jurassic shales, on 
which is, a shallow saucer-like eyncline containing the * wall' 
quartzite and a trifling thickness of limestone above it. At 
the edge of this plateau the shales and the ^ wall * 
qxtartzite roll steeply over into the Men Chu vall^. 

h2 
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On tlie nortliern bank of tbe stream ib a fine scarp of 
regnlarly bedded limestone, in places crowded witk small 
lamellibranchs (imideiitifiable) and what appear to be casts 
of brachiopods in crystalline calcite. To the north of this 
a double fault is well seen, biingiiig the limestone against 
the ‘wall’ quaitzite and the Juiassic shales, which dip 
vertically at the junction. 

Between Iselung and Tingri, where the Men Chu, now 
known as the Phung Chu, returns to and again excavates a 
valley along the syncline, both limbs dip north waid at 
about 60°. Prom Tingri eastwards to where the syncline 
disappears near Tsonga, the southern limb is fairly legulai 
and the ‘ wall ’ quartzite stands up conspicuously along the 
valley, dipping at angles of 45° to 80°. Its boldness and 
continuity along this valley led me to give to this dis¬ 
tinctive bed the field name which I have used here. It is 
about 120 feet thick; next above it is a thin but massive 
limestone followed by 300-400 feet of shales passing into the 
slabby limestones, vhich form the bulk of the visible section. 

The northern edge is not so regular; usually it is over¬ 
folded, but in places the dij) is high but normal; south of 
Shekar iims a strike fault cutting out the ‘ wall ’ quart¬ 
zite. South of the Tsipri ridge the two synclines approach 
closely, with an intervening anticline of Jurassic shales. 
All along the Phung Chu valley expo«‘Ures of the Creta¬ 
ceous limestones are much disconnected by detrital deposits, 
and usually occur as isolated hills of bizarre form, in which 
ibe beds aie seen to be intensely crumpled and sheared, 
and fossils are represented by streaks of calcite. At 
Eyishong, near its eastern end, the syncline widens out, due 
to the presence of a subsidiary anticline along its centre. 

The gioups of synclines to the south, in the Pharuk 
district, display such great irregularities and complexity of 
structxire that I found it impossible to map them in detail 

^on a J inch scale and have been compelled to show them in 
a general and diagrammatic way. The syncline that forms the 
Tjdley of the IsTeo Chu and passes eastwards to near*Aya, is 
very elongated and narrow, with the strata disposed vertically 
or slightly overfolded in the usual direction, and the ‘ wall ’ 
quartzite standing up on either side of the valley. Midway 
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along tlie synclme a stiike fault lepeais it, bilnging in a 
Tvedge of Jniassic sliales. At its western end, it is coL.tmned 
by anotliei similar syn>.line, slightly en CcLclon . In tlie 
two miles south of the Xeo Chu synclme, between Xamda and 
TasLidzom, the “ wall’’ quaitzite and the ba^^al beds of the 
Cietaceous limestones aie lepeated again and again bj shaip 
folds and faults of small tliiow. Needless to saj they aie 
■reined with calcite and in jlaces brecciated. South cf this 
again, fiom Tashidzoni to Xujnil, besides the double sjmrline 
sho'^n on the map, small sections of the Cietaceous lime- 
stores aie pinched up and faulted into the Jurassic shales. 

In the double syncline tbeie is no inversion, the northern 
lobe being shallow, saucer-like, and faiily symmetrical, while 
in the southern the beds are undulating and almost horizontal. 

The only remaining outcrop of Cietaceous rocks’ lies fir 
to the noith-east, and is a shallow s^ncline similar to the 
last, with the quartzite dipping gently inwards lound the 
periphery and the centre occupied by horizontal and undulat¬ 
ing seiicitic limestones. 

Jurassic shales. 

The most striking featuies, in fact the only stinking 
fealuies of the Jmassic bods, are the 
extent and tlie monotony of their outcrops. 

They consist for the most pait of dark blown and black 
«baleb and argillaceous sandstones, with suboidinate quartzites, 
repiesenting a puicr type of sandstone, and limestones which 
aie usually darker and more argillaceous lhan those of the 
oveilying Cretaceous System. 

In the tiact of countiy between tbe crystalline zone and 
the Noithein Eange of the Central Himalaya, the Jurassic 
strata are thrown into great folds and coriugated in the most 
fantastic fashion, and even in cases where the general dip 
approaches hoiizontaliiy the beds loll about inegiilarly. In 
such highly romjnessed eountiy, faulting, especially thrust- 
faulting, must be very prevalent, but where strata are so 
uniform in appearance such faulting is extremely difficult to 
detect. 

The general strike of these folds is that of the ‘grain* 
of the countiy, £.e., in a E.-W. or E.S.E.-W.K.W, diiection, 
but the folds are subject to far more irregularities than is 
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ihe case in tlie more persistent synclines of the Kampa 
System limestone. 

In the Northern Eange, and also where they pass down- 
words into the thick limestones along the boundary of the 
crystallines*, the shales dip less variably and at lower angles. 
A certain amount of injection by granite veins has taken 
place in the Northern Range accompanied by a widespread 
regional induration of the rocks, which attain, however, to 
only a low degree of metamorphism. The intermediate belt, 
where the Cretaceous and Eocene limestones have been com¬ 
pressed into overfolded synclines and the Jurassic shales have 
been so intensely folded, has been a region of weakness 
between two more resistant blocks. The alteration of the 
rocks in the Northern Range extends considerably further 
outwards from the areas of granite intrusion than is the 
case in the opposite section of the Great Himalaya, but is, 
as I have said, of less degree. Pebbles of garnetiferous^ 
mica-schist and hornblende-schist (of the ^ feather amphibolite ’ 
type) were found in gravels below the Mon La, but the 
parent rock was not found in situ nor were such highly 
metamorphosed types met with elsewhere in the Northern 
Range. 

Eox the most part the shales have become hardened and 
have acquired the beginning of slaty structure, being knotted 
and breaking into prisms, or have had developed in them a 
certain amount of secondary sericitic mica and of aluminous 
silicates such as: staurolite; in certain cases they have become 
phyllites. Often they have a baked appearance, being whitish 
or red, contrasting with the black or rusty brown tints of 
the unaltered shales. The quartzites show no more alteration 
than they do amongst the unaltered strata, but then in this 
area the usual Jurassic sandstone-quartzite, fairly free from 
impuiities, is just as hard and vitreous as any typical Pre- 
Cambrian quartzite. 

The intrusive granife of the Northern Range is* very 
similar in appearance to the schorl-granite 

the Himalayas, but is uniformly fine¬ 
grained instead of showing the great 

vanation in texture of the latter rock. Like it, it is a- 
white rock and is very lough and resistant to weathering. 
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Miiieralogically it differs from tlie scliorl-granite in that it 
contains biotite (with muscovite as well) instead of schorl, 
and from the Kyi Chu granite described by Hayden, it 
differs in the absence of hornblende and the scarcity of 
plagioclase and of sphene, epidote and calcite. 

iXear ISTelung and Khakyn, and between Namda and Aya, 
small dykes of dark rock were seen, in the last case strung 
out along a line running E. and W. appearing at intervals 
over a length of 2^ miles. The dykes individually extend for 
only a hundred feet, less or more, and are up to 3 feet in 
width. The rook is too thoroughly decomposed for determina¬ 
tion, but is probably of basic composition. Judging from the 
crushing and dislocation which the dykes have undergone they 
are probably antecedent in age to the folding of the rocks. 
Pebbles of an augite-bearing rock, probably of basaltic or 
andesitic composition, but with felspars too much altered to 
be determinable, are common in the gravels of the Phung Chu 
and may be derived from such dykes. 

Between the crystalline and the sedimentary zones crops out 
a thick series of limestones, of which 2000 

Permo-Trias limestones, to 3000 feet are exposed in a very uniform 
assemblage of rather thin beds of 1 to 

3 feet in thickness, with shaly partings. The overlying 
shales, of which the major portion has been shown by 
Hayden to be Jurassic, pass down without any visible dis¬ 
cordance into the limestones. As has been stated, the lime¬ 
stones as a whole are considerably altered, all fossils having 
been destroyed and now appearing as streaks of crystalline 
calcite. Further, they have been extensively invaded by 
granite veins, converted into crystalline limestones and calc- 
schists, and involved in the crystalline complex in such 
fashion that to lay down a true boundary upon the map is 
impossible. The line which I have drawn between lime¬ 
stones and crystallines is an arbitrary one and represents 
generally the upper and outer limit of granite intrusions; 
to the south of this line there is much of the limestone 
in its metamorphosed forms, but intimately associated with 
the schorl-granite. The lowest portions of the limestones are 
thus obliterated and their relation to the biotite-gneisa is 
obscure, but it is probable that the latter is intrusive in 
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them. The limestones were probably continuous right along 
the southern margin of the Jurassic exposures, but the zone 
of metamorphism and granite veining has encroached on them 
to a vaiying extent, in some places aftecting them thiough- 
out and transgressing upwaids as far as the Jurassic shales 
and in others leaving a great thickness unaltered, so that 
their outcrop has now the irregular breadth shown upon the 
map. Their general dip is northward at low angles; at Talep 
on the Po Chu and at Kal are anticlinal flexures and south 
of Raphu and Hlelung dips undulate somewhat. 

The bifurcation of the outcrop east of Tulung is, as far 
as I was able to ascertain, due to the limestones emerging 
again to the north of the main exposure along an anticlinal 
axis; the structure is however doubtful and may be due to 
faulting. My examination of this portion of the area was 
much hindered by repeated snowfalls and heavy mist. 

The age of these rocks is very doubtful, but may be put 
down provisionally as Peimo-Tiias. Sir Henry Hayden^ has 
described, under the name of the Dothab series, an assem¬ 
blage of limestones and other sedimentary rocks between the 
Chumbi valley and Bhutan, which in his opinion may 
include part or all of the Trias and possibly one or more 
of the Palaeozoic systems. 

He also suggests that Triassic rocks occur along the nor¬ 
thern slopes of the Lhonab range between Tibet and Sikkim,® 
and fossils typical of the Productus Shales (Upper Permian) 
are known to have been collected from near the Kongra La, 
ihf^ pass which crosses the Lhonak range south of Kampa 
Dzong. The situation of these exposures with regaid to the 
ciystalline zone is very similar to the belt of Permo-Trias 
rocks described above. 

Direct evidence of their age, though not very definite, is 
given by two sections in the ridges to east and west of 
Hlelung. At the base of the great series of shales which 
overlie the limestones, just as they pass downwards into the 
latter, is a thin ferruginous bed crowded with Spirifer and 
Productus, not, however, specifically determinable. These 
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'W'ould indicate tliat tie top of tie limestones is about Upper 
Permian in age, if tie section is a straigitforward one, wiici 
tiere is no reason to doubt. Tie bulk of tie limestones 
TTonld lien represent tie Permian of tie European scale, 
x^iti periaps a portion of tie Carboniferous. Judging from 
field relationships and litiological characters, I had in my 
own mind considered these limestones as approximately equi¬ 
valent to tie Kioto limestone of tie Zangskar range in 
Spiti (Lower Jurassic and Upper Trias) which in that 
country underlies tie Spiti Shales (Upper Jurassic), but tie 
fossil evidence puts them much lower in tie geological 
scale, and indicates that tie Trias is represented by tie 
lower portion of tie great succession of shales; it is un¬ 
fortunate that tie absence of recognisable fossils from tie 
limestones themselves leaves tie question so indefinite. 

!1B QEOLOQICAL STRUCTURE OF MOUNT EVEREST. 

Duiing tie attacks on tie mountain by tie climbers of 
tie ■^»econd Expedition, a bmall collection of rock-specimens 
was made at heights of from 23,000 to 27,000 feet. I am 
greatly indebted to those who collected them, at altitudes 
and under difficulties hitherto unequalled in geological field¬ 
work. 

These specimens confirm tie views arrived at last year, 
as a lesult of inspecting tic mountain by telescope from tie 
Rongbuk valley from a distance of about ten miles, and by 
examination of moiaine mateiial derived from its northern 
faces and spurs. 

These data show Mount Everest to be a pile of altered 
sedimentaiy rock—shales and limestones—converted into banded 
iornfels, finely foliated calc-silicate schists and crystalline 
limestones. Tie iornfels and fine schists are in tie field 
blackish or dark green rocks, conspicuously slabby and with 
a general low dip to tie north, which. I believe adversely 
and even dangerously affected climbing. Tie crystalline 
limestones are fine-grained pure white rocks. 

A general description of tie various types has been given 
in tie paragraph on metamorpiio rocks and it may suffice 
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to say ]iere that the actual specimeus from 23,000 and 25,000 
feet show in microscope sections a very fine-grained aggregate 
of q^uartz and a greenish mica, with irregular lentides and 
veins of chlorite and epidote and in addition sometimes 

calcite and sphene. 

The mountain, from 21,000 to 27,000 feet, is made up of 
these Hack and dark green rocks, with occasional beds of 
white limestone and veins of quartz and muscovite-granite. 
Trom 27,000 to 27,600 feet extends an almost horizontal 
belt, a sill in fact, of schorl-muscovite-granite, along the 
whole length of the mountain, which rock presumably, by 
its superior hardness, gives rise to the prominent shoulder 
of the mountain north-east of the main peak (shown as 27,390 
on Major Wheeler’s photographic survey map). Above this 
again are black schists. 

As to the age of the rocks forming Mount EVerest, they 
may perhaps be assumed, for the px'esent, to be Jurassic or 
Trias. 

EXPLANATION OP PLATES. 

Pilate 7.~-View of Mount Everest from the north. 
Plate 8.—Geological map of the Arun River Area, Tibet: scale 1^=8 miles. 
Plate 9.—^Diagrammatic Sections across the Arun river area, Tibet. 
Plate 10,—Pig. 1.—^Alluvial gravel terraces and hills of Jurassic shales, Kyishong. 

Phung (hu valley. 
Pig. 2.—^Folded Cretaceous limestones. Men Chu above Mento. 

Plate 11.—^Pig. 1.—^Folded Jurassic shales. 
Pig. 2.—General view of Phung Chu valley, from Memo, looking east, 

Tsipri ridge on right. 
Plate 12.—Pig. 1.—Synclinal hill of Cretaceous limestone. Memo, Phung Chu 

valley. 
Pig. 2.—^Eastern end of Tsipri ridge, showing folded Cretaceous lime¬ 

stones. 
Plate 13.—^Pro. 1.—^Folded Cretaceous limestones, Palding near Dzakar Chu. 

Peg. 2.—^Folded Cretaceous limestones, Riphe near Dzakar Chu. 
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The Northern Extension of the Wolfram-bearing 

Zone in Burma. By J. Coggin Brown, O.B.Eo 
D.Sc.^ F.G.So. Superintendent, and A. M. 
Heron, D.Sc., F.G.S., Officiating Superintendent, 
Geological Survey of India. 

In a paper entitled ^ Tlie Distribution of Ores of Tungsten 
and Tin in Burma/ published in the Records of the Geolo¬ 
gical Survey of India^ Vol. L, pp. 101-121, (1919), we 
summarised briefly the information then available regard¬ 
ing the located deposits of these ores, tracing them district 
by district from Byingyi on the borders of Tamethin and 
Loi Long in the Southern Shan States, to the southern 
extremity of the Mergui district. We demonstrated there 
that all the wolfram and cassiterite veins in Burma are 
closely associated with a biotite boss-granite which forms the 
cores of the ranges of the Indo-Malayan mountain system. 
At the time that paper was written the Byingyi occurrence 
marked the northern teimination of the zone. 

Since then however other occurrences have been located 
and although little is known of them and they have not 
proved of any economic impoitance, we consider it desirable 
to place on record the information we possess regarding them. 

Southern Shan States, Yengan State* 
Tengan is one of the most northerly of the States in 

the Myelat division of the Southern Shan States, lying between 
200 55/ and 21^ 14' IST. and 96^ 13' and 96^ 38' E., with 
an area of 400 square miles. It is separated from the 
Meiktila district in Burma by a lofty mountain barrier rising 
in places to over 5,000 feet in height. The whole of the 
western part of the State is hilly and drained hy the 
Panlaung river and its affluents. Five prospecting licenses 
for wolfram covering a total area of 8,000 acres, hsid been 
granted in the State by the end of 1918, but details are 
available* concerning only one of them, held at that time 
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by Messrs. Steel Bros. & Co., Ltd. This firm has supplied 
the information given below, ba«ed on reports made by 
its geologist, and has given permission for it to be published. 
Our thanks are due to Messrs. Steel Bros. & Co., Ltd. for 

this courtesy. 

The concession lies on the banks of the Panlaung river, 
15 to 18 miles due east of Thedaw railway station, at mile 
322 from Eangoon in the direction of Mandalay. In it 
there are two main granite exposures separated by a series 
of altered sedimentary rocks, chiefly clay slates and hard 
white quartzites). Compact grey limestones are also found 
but their relationship with the other series is not known. 
Xumerous quartz veins varying in thickness from a few 
inches to three feet, traverse both the granite and the clay 
slates and quartzites. Their strike varies from a few degrees 
north of east and south of west to N. E.—S. W., and the 
dip is generally steep towards the north. The thinner veins 
often die out in a short distance along their strike and 
are replaced by parallel ones en 6chelon. Close to the 
granite contact they contain wolfram both in the granite and 
sedimentary rocks, but further away they become barren. 
The veins are said to be most productive when they occur 
in fissiues at right angles to the major axis of the intrusion. 
As is usual in better known localities, the distribution of the 
wolfram within the veins is iiTegular and patchy and greiseni- 
sation is common where they traverse the granite. In one 
part of the concession molybdenite occuis with the wolfram. 
Oxidised compounds of copper and iron are found in the 
upper * portions of the veins and appear to indicate the 
presence of sulphides below the zone of decomposition. 

Mawnang State. 

Mawnang, a small State of the Myelat division of the 
Southern Shan States, known to the Burmese as Bawnin, 
lies between 20^ 38' and 20^ 44' "ST. and 96^ 44' and 

61' E., with an area of 40 square miles. In ISTovember 
1918, the Superintendent of the Southern Shan States re¬ 
ported that wolfram had been found on a small concession 
in Mawnang. The total output from the concessions in 
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Mawnang and Yengan States in 1917 and 1918 approximated 
only 2^ tons. 

Kyaukse District 

Eetuins of mineral piodiictlon for 1919 record the output 
of 2 cwts. of wolfram fiom the Kyaukse district. This was 
obtained in the course of piospecting operations on concessions 
near Sabedaung and in the Pyetkaywetaung forest reserve of 
the ilyittha township between the villages of Kyiclankanzwe 
and Zalonegaw. N’o infonnation is obtainable regarding this 
prospect, which appears to be the most noitherly repoited 
occuiience of wolfi’am in Burma. Myittha itself is only some 
35 miles in a direct line southwards of Mandalay. 

Conclusion. 

The striking similarity between the geological conditions, 
vein structures and mineral associations of the Yengan con¬ 
cession and those deseiibed in our earlier paper are apparent. 
The almost constant recurrence of such features amongst 
practically all the various wolfram deposits which have hither¬ 
to been described, stretching as they do over hundreds of 
miles of territory further to the south, appear to us to in¬ 
dicate a strong probability of the presence of identical rocks 
with similar origins in those occurrences of which we know 
nothing, beyond the mere fact of their existence, at present. 
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MISCELLANEOUS NOTE- 

Barytes in Alwar.^ 
During a mineral survey of Alwar in the year 1911 by the writer, 

deposits of barytes, one at Bhankhera (27° 32': 76° 38') three miles south¬ 
west of Alwar City and another at Ramsinghpur (27° 10': 76° 32') ten miler 
south-west of Rajgarh Railway Station (Bombay, Baroda and Central 
India Ry.)» discovered. A third deposit was subsequently discovered 
at Jamraoli (27° 9': 76° 44') ten miles south-east of Rajgarh railway 
station, but the quality of the material is inferior and the commercial 
value of the deposit is doubtful. 

Some attention has been devoted to the development of these deposits 
and some 12 tons were despatched to Calcutta about the year 1919 for test¬ 
ing purposes as paint. 

Recently another outcrop of barytes was noticed by the writer at Sainpuri 
(27° 46': 76° 43') 4 miles north-north-east of Parisal Railway Station. 
The vein was traced for 110 feet and is approximately 15 feet thick. 
It is coarsely crystalline, pure white in colour and in quality appears 
to bear comparison with the Madras barytes. It is considered that the 
exploitation of this particular deposit should be remunerative. 

The four deposits of barytes all occur in the Alwar quartzites, a series 
in the Delhi system corresponding perhaps to a low horizon of the Purana 
group (Pre-Cambrian). Further search along the outcrops of these quartzites 
may possibly reveal the presence of other deposits of the same mineral. 

The barytes is not an original constituent of the quartzite; it invariably 
occurs in veins filling fissures opened long after the formation of the quartzite. 
All the deposits so far discovered are situated near the base of the hill 
slopes and are absent from the crests of the ridges, a fact which seems to in¬ 
dicate that the barytes-bearing veins characterise the less compact and more 
easily weathered varieties of the quartzite. Except at Jamraoli, the strike 
of the fissure-veins generally agrees with that of the bedding. 

‘The junction between the barytes and the ‘ country * is quite abrupt 
just as it is in the case of the quartz and pegmatite veins of this region. 
There is no impregnation of the * country ’ dong the walls by the vein 
minerals which, contrary to what has been observed in the case of the ancient 
intrusive amphibolites of this region, do not penetrate into minute joints 
nor into planes of bedding. 

.. 
♦ Published with the kind permission of His Highness the Sri Sewai hlahatai Dev 

of Alwat. 
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The intnisive rocks of the Alwar region have been classified by Dr. Heron 
according to their relative ages into three groups {Mem. Geol. Sur, Ind,, 
SToLXLV, p.88). 

3. Pegmatites. 
2. Granites. 
1. Amphibolites. 

The barytes veins have probably crystallibed from solutions at a rela¬ 
tively low temperature, and at no great depth. They belong to a 
later geological phase than that of the intrusive granites and pegmatites to 
which they are probably totally unrelated in origin. 

Sri Kumar Roy, 

StcUe Geologist^ Alwar. 
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deposits aad on the Tertiary outlier in the Simla Hills were followed 
by some excellent work on the ShUlong Plateau, where*, unfortimately, 
the disease which he contracted on military service and from which 
he eventually died, handicapped his edSorts. On medical advice he 
resigned his appointment in India on the 4th December, 1921, to take 
up a lectore^p in Manchester University. As the result of hae¬ 
morrhage of the brain brought on by septicoemia, he died on the 12th 
October, 1922, at the early age of 32, leaving a wife and child. 
His fellow officers deplored the resignation from the department and 
now mourn the loss of a keen scientist, a good fellow and a gallant 
gentleman. 

B IT. Pascob. 
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Indian Tertiary Gastropoda, IV. Olivid^, Harpid^, 
MARGINELLIDiC, VOLUTlD>E AND MiTRIDAE, WITH 

COMPARATIVE DIAGNOSES OF NEW SPECIES. BY THE 

LATE E. Vredenburg^ Superintendent, Geological 

Survey of India. (With Plates 14—16.) 

rpHE present contribution is a continuation of the three notices 
_L previously published in these pages {Rec. Geol, Surv. Ind., 

VoL LI, p. 339; Vol. LIII, pp. 83 and 130) containing brief 
diagnoses of undescribed species of gastropods from the Tertiary 
beds of Burma. In addition to the new species, these notices 
recorded, in tabular form, all the species of each genus already 
known from the Tertiary of Burma and of other parts of India, 
together with their geographical and geological distribution. Species 
from the post-eocene of north-western India need but the briefest 
allusion as their full descriptions will shortly appear in Volume L 
of the Memoirs of the Geological Survey of India. The lower eocene 
species from the Ranikot of Sind have also been included in the Ji&ts. 
It has been necessary in some instances to make amendments to 
the determinations of the monograph on the Ranikot fauna already 
published {Pal. Ind., new ser., Vol. HI, Mem. No. 1). These 
amendments are briefly recorded in the tabular statements of each 
genus. 

The present instalment includes the family Volutidss which is 
largely represented both in the eocene and oligocene of Burma and 
in the Ranikot fauna. Owing to the difficulties of identification 
of d’Archiac and Haime’s species from Sind, published in the 
weU known “ Description ” of the nummulitio fauna of India, many 
errors have crept into the treatment of the Ranikot Volutidse. 
Several undescribed species of great stratigraphical importance 
from certain horizons of the Ranikot have been overlooked, being 
inadvertently identified with forms from other horizons. The fact 
that d’Archiac and Haime’s monograph includes miocene as well as 
eocene species constantly gives rise to difficulties of interpretation. 
The confusion that has resulted in the present instance is serious 
and caimot be dealt with in the same summary manner as the 

b2 
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amendments recorded in previous instalments of the present series. 
Consequently the Eanikot Volutidse have been treated at some 
length, though as concisely as possible, and the present notice 
contains therefore the diagnoses of several new Ranikot forms 
in addition to the Tertiary species from Burma. 

A discussion of the classification of the Ranikot series in succes¬ 
sive zones will be found in the introduction to the above-mentioned 
Memoir in the Pateontologia Indica. 

The Burmese fossils dealt with in the present instalment are 
mostly from the same localities as those published in the previous 
notices. For the geographical bearings and for the geological ages 
of these occurrences, the instalments already published may be 
consulted (VoL LI, pp. 340, 341; Vol. LIII, pp. 84, 130, 131).^ 

Some of the fossils here dealt with are from the following 
localities not previously recorded:— 

1. miles S.E. of Aleywa : 20°51', 94°18', Chakalu stream 
section. 

2. Banbyin : 19^25', 95°4'. 
3. Kongya : 20^46% 94°25 . 
4. In the Kyettin Chaung at a spot (21®22', 94®15') situated 

some two miles north-west of Man (21°22', 94°17'). 
6. Kyadaw Chaung, east of Pasok. 
6. Kywe-u: 20°45', 94®19L 
7. Near Lepagaing, Minbu district, bed B2. The locality 

Lepagaing is not shown on the published maps, but the 
fossil occurrence B2, as indicated on Dr. Cotter’s map, Reo, 
Geol. Surv. Ind., Vol. XLI, PI. 21, is situated in 20°6', 94®5'. 

8. Ngahlaindwin: 20®6r, 94®16'. 
9. Ngashandaung : 20^39', 95°5', Myingyan district. 

10. On the road from Payawa {20%\ 94^34') to Sedaw. 
11. Pyaigale : 20^51^ 94°16'. 
12. In the Sit Chaung, at a spot situated in 21®2', 94®14'. 

The Sit Chaung is a small tributary of the Salin, which, 
in its turn, flows into the Irrawadi. 

13. Subagyidan: 20®4', 94®34'. 
14. Yethama: 20°62^ 94^4L 
15. Zabyaw: 20®52', 94®20'. 

locality « Kymidaw” was accidentally omitted from the list on n. 130. 
^ ^ fauna from this locality probably belongs 



Part 3.] Vredenbtjrg : Indian Tertiary Gastropoda, IV. 245 

Of these various occurrences, those numbered 2, 4, 6, 11, 13, 
14, 13 belong to the Yaw stage of upper eocene age. Those 
numbered 1, 3, 6, 7, 9, 10, 12 belong to the Sitsayan or Padaung stage, 
middle oligocene. Several horizons are exposed round Ngah- 
laindwin. No. 8, but the fossils from that locality dealt with in the 
present notice are also from the middle oligocene. 

Family: OLIVIDiE. 

Genus : Oliv Afirugui^re 1789, 

The following species o£ Oliva are known from the Tertiary forma¬ 
tion of India:— 

1. Oliva (Neocylindnis) mustelina Lamk. (Cossmann, Journ, 
Conch., 1903, Vol. L, p. 112, PI. Ill, figs. 12, 
13.) Tertiary beds of Karikal and Mekran beds. 

2. ,, {Neocylmdrus) irisans Lamk. (Cossmann, Journ. 
Conch., 1903, Vol. L, p. 113, PI. Ill, figs. 19, 
20.) Tertiary beds of Karikal. 

3. ,, (Sfrephom) australis Duclos, var. mdica Vred. 
4. „ (Strephona) Duclosi Eeeve, var. hyundawensis n. var. 

Oliva (Strbphois'a) australis Duclos var. indica 

nov. var. (vel species distinguenda). 

1836 Oliva auatralh Duclos.—Chenu, lU. Conoh., Mon. Oliv., PI. VIII, figs. 
3,4. 

1851. OUva au/iiralie Duclos.—^Reeve, Mon. of the gen. Oliva, sp. 42. 

1883. Oliva australis Duclos.—^Tiyon, Man. Conch., Vol. V, p. 86, PI. XXXII, 
figs. 10, 20. 

1899. Ohva {Sirephona) avMralis Duclos.—Cossmann, Esmis Pal&fcorch. 
comp,, Fasc. 3, p. 49. 

1901. Oliva (Strephona) rufula Duolos sec. Noetling (pars).—Ptd, Ind., now 
ser., Vol. I, part 3, p. 326. 

As frequently happens with fossil forms of OUva, the identification 
of this shell gives rise to a great deal of hesitation. Compared with 
Oliva australis Duclos from the eastern seas (Australia and New 
Guinea according to Tryon), the fossil under consideration is 
smaller and not quite so symmetrically barrel-shaped, its maximum 
thickness being further from its anterior than from its posterior 
extremity instead of being placed approximately at half the length 
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as in the living species. From the Tertiary formations of Java, 
Martin has described a form regarded as a variety of Oliva austrahs 
{Samml. d, geol. R.-Mus, in Leid,, new ser., Vol I, p. 60, PI VIII, 
figs. 137, 138) which does not attain the full dimensions of the living 
form from which it differs more than the Indian fossil under considera¬ 
tion. In shape it is further removed from the living form than the 
Indian fossil, for not only is the region of maximum, thickness 
shifted to the posterior side of the middle zone, but it is accompanied 
by a rudimentary angulation of the surface. With regard to the 
disposition of the inner border of the aperture, the Indian fossil 
closely corresponds with the living type while the Javanese fossil 
exhibits a decided difference in the relative position of the borders, 
of the anterior zone of accretions and of the columellar swelling, 
which remain wide apart on reaching the aperture instead of closely 
converging. It follows therefore that the Indian fossil is closer 
related to Oliva australis than the Javaliese form, and, if the latter be 
accepted as a variety, a similar course may be adopted for the 
Indian shell. 

Oliva cylindracea Born., from the oligocene and miocene of 
Europe, 0, Bufresmi Basterot from the miocene of Europe and the 
living* 0. panniculata Duclos, resemble the Indian fossil under 
consideration, but are all distinguished by the want of convergence 
of the borders of the anterior zone and of the columellar swelling. 

Amongst various forms from Burma referred by Noetling to 
Oliva rufula, that represented by the specimens from Kama is 
identical with the fossil under consideration. The illustrations 
in Noetling’s monograph represent a fossil from Yenangyat belonging 
to the genus Olivella (see: Rec, Geol, Surv, Ind,, Vol. LI, p. 275). 

Occurrence,—^Dalabe, Kama, Kyaungon, Myaukmigon, Myauk- 
tin, Myingabaing, Thanga, Tittabwe. Also in the Gr&j of Kachh. 

Oliva (Strephona) Duclosi Eeeve, var. Kyundawensis 

n. var. 

1835. Oliva jaspidea Duclos (non Gmelin).—Otenu, HL Conch., PI, IX, figs. 
9,10. 

1851. Oliva Duclosi Reeve.—^Monograph of the genua Oliva, sp.44. 
1883. Oliva Duclosi Reeve.—^Tiyon, Man. Conch., Vol. V, p. 86. 

On account of its relatively small dimensions (17*2 x 8*3 mm.), 
I have separated this foss’l as a variety from the living 0, Buchsi 
with which it otherwise agrees. The wide space between the edges 
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of the terminal zone of accretions and of the terminal columellar 
swelling as they penetrate into the aperture, readily distinguishes 
this fossil from the one previously referred to as a variety of Oliva 
australis, and recalls the Javanese fossil described by Martin as 
Ohva australis var., the outline of which is more decidedly angula- 
fced at the widest part of the body-whorl. 

Occurrence.—Kyundaw. 

Genus: Olivancillaria d’Orbigny 1839. 

The following species ot Olimncillaria are known from the 
Tertiary formation of India :— 

1. OlivandllaTia qibhosa Born. (=OKt'a eheribonensis Mart. sec. 
Cossmann, Journ. Conch., 1903, Vol. L, 
p. Ill, PI. Ill, fig. 16). Plocene of 
Karikal. 

2. birmanica n. sp. 
3. (Agaronia) acuminata Lamk. (Cossmann, 

Journ. Conch., 1903, Vol. L, p. 114, 
PL III, fig. 21). Pliocene of Karikal. 

4. ” (Agaronia) nehulosa Lamk. var. pupa J. 
de 0. Sowerby. Burma : Dalabe ; Kyaungon ; 
Minbu, ‘‘zone of Cancellaria martiniam^^; 
Myaukmigon; Singu, H, F, L, N; Tittabwe 
Western India: Gdj beds of Kachh and Sind. 

5. ’ (Agaronia) pagodula n. sp, 
6. ’ (Agaronia) Cossmann'' n. sp. 

OlIVANOILLARU BIRMANIOA XL. sp. 

PL 14, fig. 1. 

This handsome shell is closely related to the common Olivan- 
ciUaria gibhosa [Bom], living in the Indian Ocean, which it fully 
equals in size. The bend or shoulder of the body-whorl is much 
further removed from the suture in the fossil than in the living 
species. The posterior callous thickening of the columellar lip is 
feebly developed in the fossil, in consequence of which its last spire- 
whorl exhibits a somewhat concave outline instead of the convex 
outline exhibited in the recent shell. The columellar lip expands 
much further over the ventral surface in the recent shell than in the 
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fossil. Its plications, distinct in the recent form, are absent from 
the fo‘='‘=iil. 

In the upper tertiary formations of Java, Oliiancillaria s, 
sir. is represented by a number of shells which, m his latest work on 
the subject, Prof. Martin has regarded as partly representing a dis- 
?iinct species, 0. cheribonensis. partly as a variety Jenkinsi of 0, 
gibbosa {Samml. des geol. R.-Mus. in Leiden^ new ser., Vol. I, 
pp. 64, 66). Taking into consideration the extreme degree of 
variability of the recent shell, the difEerences between the various 
Javanese fossils seem insufidcient for establishing specific differences 
amongst them. It seems more probable therefore that all the 
Javanese fossil specimens should be regarded as representing a 
single species which should be known as Oliiancillaria Jenkinsi 
Martin, specifically distinct both from the Burmese fossil and from 
Olivancillaria gibbosa though more nearly related to the latter. In 
every case in which their outline is well preserved, the Javanese 
specimens exhibit a more symmetrical spindle-shape and more 
continuous curvature of the body-whorl than either the Burmese 
fossil or the recent species. Their greatest thickness is somewhat 
more removed from the suture than in the recent shell, in which 
respect they come closer to 0. hhmanica, but their anterior portion 
has a curved instead of conical outline so that they are less distinctly 
shouldered than either 0. birmanica or 0. gibbosa. The callosity of 
the columellar lip of the Javanese fossils spreads over the ventral 
surface of the ^ell more than in 0. fnimanica, less than in 0. 
gibbosa. The plications of the columella in the Javanese fossils 
are distinct, and, in this respect, they agree with the living form, 
not with the Burmese fossil. 

On carefully compariug a large series of specimens recently 
collected from the beach at Puri with the excellent illustration 
published by Cossmann, there can be no doubt that the Karikal 
fossil referred by Cossmann to 0. cheribonensis {Jowrn. Conch., 
1903, VoL L, p. Ill, PI. Ill, fig. 16), is really a specimen of 0. 
gibbosa. 

The general outline of the Burmese fossil closely recalls that of 
Oliva fusiformu Lamk. from the West Indies which, however, 
IS an OUva not an Olivancillar a. 

All the available specimens are incomplete. The annexed 
restored outline will help to make clear the true shape of the shell. 

Occurrence.—Tittabwe. 
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I'm. —Re&toied out’ I’o of OUm'ieMm.a bitmanica. 

OlIVANCILLABIA (Ar>\.BONIA) PAGODULA H. Sp, 

PI. 14, fig. 4. 

Compared with OUvmdllaria nehiilosa Lamk. (Oliva pupa 3. 
de C. Sow.), this species is distinguished by its relatively narrower, 
taller spire, its posteriorly much less convex outer lip, the more 
prominent ridges of its columellar lip, and its smaller dimensions. 
There do not appear to be any other described species that call for 
comparison. 

Occwrence.—^Myauktin, Tittabwe. 

OlIVANOILLAEIA (AgABONIA) COSSMANNI n sp. 

PI. 14, fig. 3. 

The tall elongate spire readily distinguishes this remarkable 
shell from all other known species of Agaronia, and, together with 
the absence of parietal ridges induces a close resemblance to certain 
forms ot OhveUa. Although distinguished by its narrower shape, 
it shows a striking resemblance to Oliia gracilis Brod. and Sow. 
from the eastern coast of the Pacific, classified as an OliveUa by 
Tryon, but of which the ventral aspect does not seem to have been 
either figured or accurately described, nor the presence of an oper¬ 
culum recorded, and which therefore possibly may not belong to 
this genus. In the fossil under consideration, there is no indication 
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of the posterior columellar depression characteristic of OUvella. 
The polygyrate protoconch is abnormal for Agaroma, but, at the 
same time, completely excludes the possibility of a reference to 
OhveUa in •which the protoconch is even shorter and fewer-whorled 
than in the normal forms of Agaronia. In conclusion, therefore, 
it seems proper to classify this shell as an exceptional Agaronia. 

Occurrence.—Tittab'we. 

Genus; Ouvella S'wamson, 1835. 

The following species of OUveUa ate kno'wn from the Tertiary 
loimation of India :— 

1. Olivelh Hollandi C. and P. {PaZ. Ind., new set., Vol. Ill, 
Mem. 1, p. 20, PI. II, figs. 21, 22, PI. VII, 
fig. 49). Lower eocene of Sind. 

2. „ Tredenhurgi C. and P. (PaZ. Ind., new set., Vol. 
Ill, Mem. 1, p. 21, PI. Ill, figs. 8, 9). Lower 
eocene of Sind. 

3. ,, elegantula Rovereto. Nari of Sind. 

4. „ minbuensis Vred. (Pec. Geol. Stirv. Ind., Vol. LI, 
pp. 275, 286). Yenangyat, “zone of Paracyathm 
cceruleus”'. Minbu, “zone of Cancelhria martiniana 
Mindegyi. 

Genus: AnoilIiA Lamarck 1799. 

The following species of AndUa are kno'wn from the Tertiary 
formation of India ;— 

1. Ancilla (SfareUa) olivula Lamk. ? (d’Archiac and Haime, 
Descr. an. foss.. gr. numm. Inde, p. 366). Eocene 
of Subathoo. 

2. „ (Sparelh) cinnamomea Lamk. (Cossmann, down. 
Conch., 1903, Vol. L, p. 115, PI. Ill, figs. 14, 
15). Pliocene of Kar.kal. 

3. „ (Sparella) Mica Vred, Nari of Sind. 

3a. „ {SpareUa) indica var. arahanensis n. var. 

4. „ (Sparel'a) birmanioa Vred. 

5. „ (Alocospira) tomata Cossmann (Joum. Conch., 1903, 
Vol. L, p, 116, PI, ni, figs. 22, 23). Pliocene 
of Earikal. 
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6. Ancilla (Alocospira) inopimta C. and P. {Pal, Ind,, new 
ser. Vol. Ill, Mem. 1, p. 20, PI. II, figs. 16, 17). 
Lower Eocene of Sind. 

7. ,, (Sparellina) Candida Lamk. (Cossmann, Journ 
Conch,, 1903, Vol. L, p. 115, PI. Ill, figs. 17, 
18). Pliocene of Kankal. 

8. ,, {Sparellina) poeniiens n. sp. 

Ancilla (Sparella) indica Yred. var. arakanensis. 

PI. 14, fig. 9. 

This variety is distinguished from the type from the Nari of 
Sind ^ by its smaller dimensions. It does not otherwise exhibit 
any differences ot sufficient precision for specific discrimination. 

The characters of this species are typically those of the section 
Sparella, Nevertheless, on the early part of the spire, wherever 
the thick coating of enamel has either not been developed or has 
been accidentally detached, the spiral grooves mentioned in the 
description of the Sind fossil are clearly visible in the Burmese 
specimens. They indicate a very close relationship between the 
sections SpareUalexid Alocospira, 

Occurrence.—Tetma. 

Ancilla (Sparella) birmanioa Vred. 

PL 14, fig. 2. 

1901. Avoillaria of. Ternedfei Sow. Noetling, Pal. Ind., new aer. VoL I 
Vt. 3, V 327, PI. XXU, fig. 

1921. Ancilla {Spatella) birtnfinica Vred. See. Oeol. Surv. Ind., Vol. LI, 
pp. 27^ 28u. 

Illustrations of this species are here published to supplement 
the unsatisfactory figure of a fragmentary specimen in Noetling’s 
second monograph. 

Occurrence.—“ Cytherea promensis bed ” opposite Prome, Myauktin. 

Ancilla (Spasellina) pcenitens n. sp. 

PI. 14, fig. 5. 

This shell is larger, much more elongate, much more cylindrical 
and more flattened than the two living toms Andlla Candida Lamk. 
and A. ampla Gmel., both occurring fossil, the one in the pliocene 
of Karikal, the other in the miocenc of Java, and so much alike 

^ The desoription of the type will shortly eppear in Mem. Qeol. Surv. Ind., VoL L 
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that they perhaps belong to a single species. The fascicle in these 
living forms is divided into two zones only, not into three as in the 
Burmese fossil. The latter difference is to be regarded as specific 
only: as there has hitherto been practically but a single species 
contained in the section Sparellina, the generic or sectional 
diagnosis corresponds with the specific characters. It is merely 
necessary therefore to state that in Sparellina the fascicle may be 
divided into three zones. All the other generic characters are 
typically developed in the Burmese shell, particularly the absence 
of a bare dorsal zone which constitutes the most important difference 
between Sparellina and TortoUva s. sir.. This fossil is the oldest 
known representative of Sparellina. 

In its general outline this shell has a very weird appearance 
somewhat recalling a hooded monk, or the “penitents” in an 
Italian or Spanish procession. 

Occurrence.—Miudegyi. 

Family: HARPID.®. 

Genus:—BUbpa (Rhumphius 1703) Lamarck, 1799. 

The following species of Harpit are known from the Tertiary 
formation of India:— 

1. Harpa {Eodthara) Morgani C. and P. (Pal. hid., new ser.r 
Vol. m, Mem. 1, p. 22, PI. II, fig. 25, PI. Ilh 
fig. 24). Lower eocene of Sind. 

2. „ (Eocithara) lirmanica n. sp. 

3. ,, (Eocithara) narioa Vred. Nari of Sind. 

BEarpa (Eooithara) siRMAisrioA n. sp. 

PI. 14, fig. 6. 

Although the solitary available specimen is very incomplete, 
its distinct characteristics make it worthy of record. It is very 
closely related to Harpa muiica Lamk. of the nodddle eocene of the 
Paris region, from which it is distinguished by its smaller size and 
the much more delicate intercostal reticulation. The latter charac¬ 
ter distinguishes it still more decidedly from Harpa Morgmi C. 
and P. occurring in the lower eocene of Sind. Compared with Harpa 
narica Vred. from the oligocene of Sind, the Burmese shell is smaller, 
with a relatively taller spire and with wider-spaced asia\. lamellse. 

Occurrence.—Thetkegyin. 
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Family: MARGINBLLID^. 

Genus : Maeqinella Lamarck, 1801. 

The following species of MargineJla are known from the Indian 
Tertiary:— 

1. Marginella orientalis n. sp. 
2. „ singuensis Vred. (J2ec. Geol. Surv. Ind., Vol. LIII, 

p. 340, PL XXII, fig. 1). Singu, X. 
3. Marginella [JEraloidea) Bouveti Cossmann {Jomn. Gonoh., 1903, 

Vol. L, p. 117, PL IV, figs. 1, 6). Pliocene of 
Xarikal. 

4. „ (Eratoidea) karikahnsis Cossmann (Journ. Conch., 
1903, Vol. L, p. 118, PL IV, figs. 2, 3). Pliocene 
of Karikal. 

5. „ {Glabella) oligoptycha Cossmann {Journ. Conch., 
1903, Vol. L, p. 119, PL IV, figs. 4, 5). Pliocene 
of Xacikal. 

G. „ (Glabella) narica Vred. Nari of Sind. 

Maeqtnella obientalis n. sp. 

PL 14, fig. 7. 

The shortness of the spire and the narrow elongate hody-whorl, 
combined with the rather laige dimensions readily distinguish this 
shell from other described species. It closely resembles Marginella 
brems^ira BeUardi from the miocene of Piedmont though this is 
more ventricose with a more developed spire. Marginella singuensis, 
also from Burma, is still more ventricose than M. brc'mpvra. These 
two Burmese fossils are the only forms of Margimlla s. str. known 
from the east. The living species of this section are restricted to 
the shores of the Atlantic. 

Occurrence.—Myaungu (lower horizon, Sitsayan stage), Thetkegyin 

Genus: Obvpxospiea Hinds, 1844. 

The following species of Cryptospira are known from the Tertiary 
of India:— 

1. Gryftospira birmanica n. sp. 
2. „ (Gibberula) tectiformis Cossmann (Journ. Cmcl., 

1903, Vol. L. PL IV, figs. 7, 8). Pliocene of 
Karikal. 



254 Records of the Geological Sur'oey of India. [Vol. LIV 

3, Crijptospim {Qiiberula) aiineata CosBmaim [Journ. Conch.^ 
1903, Vol. L, PI. IV, figs. 9, 10). Pliocene of 
Karikal. 

4. „ {Oihbenda) glandina fVelain] (Cossmann, Journ. 
Conch., 1903, Vol L, PL IV, fig. 14), Pliocene 
of Karikal. 

CeYPTOSPIRA BIRMA3SnCA n. sp. 

PL 14, fig. 11. 

1001. Marginella (Olahella) scripta Reeve, sec. Noetling.—Pd. Ind., hotv scr., 
Vol. I, part 3, p. 321, PL XXI, fig. 10. 

Marginella elegans Gmelin, as represented by figure 46 of Reeve’s 
monograph seems closely related to this species, but is larger, with 
a relatively shorter spire. Marginella sangiranensis Martin from 
Java {Samml. d. geol. R.-Mus. in Ldden, new ser., Vol. I, p. 301, 
PL XLIII, fig. 716) is very closely related, differing by its some¬ 
what larger size and greater elongation, and by the disposition 
of the columellar folds of which the posterior ones do not exhibit 
the abnormal obliquity which characterises C. birmanica.^ 

Occurrence.—^Dalabe, Kama, Kyaungon, Myaukmigon, Thanga, 
Tittabwe. 

Panuly: VOLUTIDiE. 

Genus: Ateleta Conrad, 1853. 

The following species of Athleta are known from the Tertiary 
beds of India :— 

1. Athleta Blanfordi n. sp. 
2. „ {Neoathleta) Theobaldi n. sp. 
3. „ {NeoeMeta) Noetlingi C. and P. 
4. „ {Neoathleta) Rosalmdce n. sp. 
5. „ {Neoathleta) pemodosa [Dalton]. {Q. J. G. S., 1908, 

VoL LXTV, p. 640, PL LVII, fig. 4). Man Chaung 
near Subagyidan, Minbu district. 

1 The illustratioii m Noetlmg’s monogiaph (loc. ct% in sgn.) is quite inaccurate^ 
the posterior folds being represented mth an obliquity opposite to their true direction. 
In reality the Kama specimen figured by Hootling agrees exactly with the one from 
Tittabwe here illustrated, only that it is crushed and lacks the edge of the outer lip. 
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6. Athleta (Volviospina) Jacohsi Vied. {Rec. Geol. Surv. Ind., 1921, 
Vol. LI, pp. 275, 286). 2Jin. S.E. of Aleywa (20° 51', 
94° 18'), Chakalu stream section; near Lepagaing, 
Minbu district, bed B2 (see ; Cotter, Rec. Geol. Surv. 
Ihd., Vol. XLI, PI. XXI); Minbu, “zone of 
Canoellaria martiana Mindegyi; Myaungu (lower 
horizon, Sitsayan stage); Ngashandaung, Myingyan 
district; Payagyigon; Sedavr-Payajrwa road, Minbu 
district, bed B (see: Cotter, Rec. Geol. Surv. Ind., 
Vol. XLI, PL XXI); Singu C-D, P; Singu, T (as 
internal oasts); Tetma; Yenangyat, “ zone of 
Paracyathus coeruleus.” This is one of the commonest 
and most characteristic fossils of the Burmese 
oligocene. 

6a. 99 
(Volufospim) JofCobsi var. singuensis n. var. 

7. 99 (Vohitospina) sindimsis Vred. Nari ot Sind. 
8. 99 (Volutospina) dentata [Sow.]. G4j of Each. 

8a. 99 {Yohvtospim) d&ritata var. Sylesi d'A. and H. 6&j ot 
Sind. 

9. 99 (Vohtospina) mekranica Vred. Talar stage ot the 
Mekran beds. 

10. 99 {Vohtospina) Annandalei n. sp. 
11. 99 (Vohtospina) IsalelcB n. sp. tGroup of Athleta- 
12. 99 (Vohtospina) Augmtcs n. sp. f elevata iSow.]. 
13. 99 (Volutocofhis) Eugenics n. sp. J 

14. 99 (VoliUocorhis) Victories n. sp. 
16. 99 (Volutocorbis) Bwrtoni n. sp. 
16. 99 (VohiocorUs) Archiad Dalton. 

Athleta Blaneoedi n. sp. 

1909. AvUdna Saimei d’Axoh. (para) aec. Cossmsnn and Pissarro.—Pal, Ind,, 
new ser., YoL HI, Mem* No. I, p. 25, PI. II, dg. 27 (non figs. 28, 
^^AuUca8%amondiait nec fig. 2^^AvUca llaimei), PL VIII, fig. 2. 

This shell closely resembles the Bartonian species AMeta athleta 
fSol.] from which it is distinguished by the absence of ribs and of 
duplicated spines even at an early stage of growth, while its three 
oolumellar folds are more equal and of more constant character, 
and its oolumellar lip spreads further posteriorly. It also reaches 
larger dimensions. 



256 Records of the Geological Survey of India, [ Vol. LIV. 

Athlela strombformis [Desh.] from the upper eocene of the Pans 
basin also exhibits the closest resemblance to Aihleta Bla^ifordi which 
it equals in size, its entire surface being similarly smooth; neverthe¬ 
less, the Paris shell is distinguished by its wider aperture, its more 
tortuous columella and its wider-spaced spines. 

In the monograph on theRanikot fauna published in the Palceohto- 
logia Indnca {loc, cit, in sijn,)^ this species has been confounded 
partly with Aulica Sismondai [d'Axch.], partly with Aulidna Haimei 
[dArch.] which only grows to a moderate size, closely resembles 
Athleia Blartfordi in shape, but is readily distinguished, even when 
the internal characters are obscured, by its spirally striated spire 
and the wider spaced spines of its body-whorl. 

Occurrence,—Upper Ranikot. Zone 1: undersoatp of Jakhmari 

peak (Noetling, K-glo )• 

Athleta (Neoathleta) Theobaldi n. sp. 

PL 16, fig. 8. 

This shell exhibits the closest resemblance to Yoluta lineata Desh. 
from the middle eocene of the Paris region. Nevertheless, the Paris 
shell, even at a dimension of 60 mm., shows no indication of the 
dimorphism of the Burmese species, and the spiral decoration of its 
body-whorl, when full-grown, is much more distinct. 

Occurrence,—miles west-north-west of Kongya, north of Kywe-u 
footpath. Ngahlaingdwin Clay: Sit Chaung (Bion K 

Athleta (Neoathleta) Noetlengi C. and P. 

?1854. Voliita cyihara Laxnk. see, d’Archiao and Haime.—^Descr. an. foss. gr 
nttmm. Inde, p. 325, PI. XXXII, 5gs. 4, 5. 

1909. Volutosplna Noetluiqi Cossmann and Pissarro—Pal, Ind,, new ser. 
VoL III, Mem. No. 1, p. 24, PL II, figs. 23, 24. 

1909. VcHutospina iniercrenaia Cossmann and Pissano.—Ihid, p. 24, PL IL 
figs, la—20, PL III, figs. 1-—3. 

Owing to the strongly contrasted appearance of the adult body- 
whorl as compared with the preceding whorls, full-grown specimens 
of this shell exhibit a very different appearance from those that are 
more or less immature. Consequently, in the monograph describing the 
Ranikot fauna published in the Palceontologia Indica {loc, the 
shell has been described under two specific names: Immature 
specimens have been named V. intercrenata^ while the full-grown 
shell has been described as F. Nodlingi, The transition from the 
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immature to the adult condition is very well seen in specimens of 
the size represented in PI. II, fig. 18 {loc. cit.), the dorsal aspect of 
which corresponds with that stage of growth in which the ribs begin 
to grow wider apart and tend to become spinose simultaneously 
with the conspicuous widening of the posterior declivous concave 
zone. 

This shell belongs to the same group as Voluta cithara Lamk. 
and V, ventricosa Defr. from the middle eocene of the Paris region, 
from both of which it is clearly distinguished by the more crowded 
ribs of its spire-whorls., As already noticed by Cossmann and 
Pissarro in -the Memoir above alluded to, it is closely related to F* 
depauperata Sow. from the middle and upper eocene of the Anglo- 
Parisian r^ion in which the spire-whorls are more distinctly angu- 
lated, while the shell, in its full-grown condition, is less globose 
than the Indian species. 

As already mentioned in the Memoir above alluded to, the casts 
of Ranikot age referred by d’Archiac to Voluta cithara Lamk. perhaps 
belong to Athleta NoetUngi, 

Occurrence.—The species has a much more extensive vertical 
range than would appear from the above mentioned Memoir. The 
following occurrences have* been ascertained. 

Upper Ranikot. Zone 2 : amongst gypseous shales three miles 

east of Leilan coal-pit, lower and upper horizon (Redden, 

)• Zone 3 : highest horizon north of Leilan coal-pit (Redden^ 

6^1-); lower limestone of Jhirak (Vredenburg, £*-826 )• Zone 4: 

Jhirak (Redden ; Vredenbuig E-xrs )• 

Actileta (Neoathleta) Rosalinda n. sp. 

> ; H. 14, fig., 8. 

; T^ bea,rs the closet, r^emblance to Voluta cithara Lamk. 
from the eocene; of tjke ,Ar^lo-Pam yet, even on the 
BUpposi^on thiat; ^ the ; solitary available specimen is immature, the 
minute dimension^ of the protedonch and the number of spire-whorls 
clearly indicate a much finaHer spedes than the Huxopean form. It 
cannot therefore be regarded as specifically identical with Voluta 
pkhara, one of . the largest species , of the genus. 

Thetkegyin. ! 



268 Records of the Geological Survey of India. [Vol. LIV. 

Athleta (Volutospina) Jacobsi Vred. var. siNGUrNsis. 

In this variety the spines and ribs are much wider spaced than 
in the t3rpe, especially on the body-whorl upon which the ribs are 
prominent and persist up to the aperture, while the convexity of the 
base is much more inflated. All the other details of shape and 
ornamentation are the same as in the type. There is the same 
characteristic anterior swelling, and the columellar folds exhibit the 
same disposition. 

Volute 'pernodosa Dalton {Q. J. G. S., Vol. LXIV, p. 640, PI. 
LVII, fig. 4) also from Burma, has a somewhat similar body-whorl 
but is readily distinguished by its much taller spire. 

Occurrence.—^Mindegyi; Singu L. 

Athleta (Volutospina) Annandalei n. sp. 

PL 15, fig. 1, 

In shape and ornamentation, tliis shell recalls Voluta elevate Sow. 
from the eocene of the Anglo-Parisian region, but is generally rather 
more slender and is distinguished by the more crowded spiral orna¬ 
ments of its body-whorl and the crenulations of its outer lip. 

It is more convex than the majority of specimens of Voluta 
ambigua Solander, from the upper eocene of the Anglo-Parisian region, 
which it recalls by its apertural crenulations, but in which the 
spiral ornamentation is much less profuse, especially on the spire. 

Occurrence.—^Thetkegym. 

Athleta (Volutospina) Isabbll.® n. sp 

PI. 16, fig. 3, 

This shell bears the closest resemblance to Voluta elevate Sow, 
from the eocene of Europe. Nevertheless the posterior thickening 
of the ribs and the resulting prominence of the two posterior circles 
of crenulations, communicate to the Indian shell a very distinctive 
appearance which is not seen in any of the European specimens in 
which, even on the body-whorl of full-grown shells, the posterior 
circles of crenulations are not so prominently differentiated as they 
already appear on the spire-whorls of the small Indian species 
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The shell also resembles immatTi-^e specimens of AtJdeta Noetlingi 
from which it is di'stinguished by the relatively taller, more steeply 
conical, more distinctly stepped spire, and by the more crowded 
sp’ral mbrications of the body-whorl. 

0 currmce.—^Upper Ean kot. Zone 3 : three m^Ies east of the 
old coal-pit near Leilan, Vera plain east, from a brown limestone on 

the road to Unerpnr (Pedden, ). 

Athleta (Voletospina) Augustjb n. sp. 

PL 15, figs. 6, 9. 

This species also belongs to the group of ToVata elemfa Sow. from 
the eocene of the Anglo-Parisian region, to which it is very closely 
related. Volufa eleiWa is slightly more ventiicose. Its columellar 
lip does not spread so far posteriorly as in the Burmese fossil. The 
circumsutural step is not deepened into a groove, and, apparently, 
the walls of the shell are not lirate internally as in the Burmese 
species. The imbricated bands upon the base are somewhat more 
prominent in the Burmese fossil than in Volnfa elevata. 

Occurrence.—miles S.W. of Kywe-u on the Mitche footpath, 
junction of streams; Thetkegyin; SJ miles W.S.W. of Yethama 
along the Nagagyin Chaung; 2 miles north of Zabyaw. 

Athleta (Voletocorbis) Eugent.® n. sp. 

PL 15, figs. 5, 7.^ 

1909. Voluiospina Stfhesi d’A. and H, Rec. Cossmann and Pissarro.—Pal. Ind., 
new ser., VoL m, Mem. No. 1, p. 23, P3. 11, figs. 32, 33. 

This shell also exhibits the closest resemblance to Valuta elevata 
Sow. from the eocene of Europe from which it is distinguished 
principally by the character of the axial ornaments which, in the 
European specimens can be more readily assimilated to genuine ribs 
than in the Indian shell where they assume more the character of 
angular corrugations, the floor of the 4®P^®ssions being just as 

^ Excellent figures of the well preserved specimens from zone 4 of tho Ranikot have 
been published in the Palmontoloqin I ml tea (loc. ctV. in syn.). The present illustrations 
have for their obfect to show the some species as occurring in zone 3 and in another 
locality of zone 4. 

0 2 
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angular as the crest of the elevations, while in the European form 
the shallow intervals are flat or concave. Consequently the Indian 
form exhibits the characters of a genuine Volutocorbis more than the 
European species. Nevertheless, both Athleta Eugenice and Atldeta 
elevata stand on the border-line between Volutocorbis and Volvtospina. 

In the monograph describing the Ranikot fauna, published in the 
Palceontologia Indica (!oe. cit. in syn,), this shell was referred to 
Volvia Sykesi d'A. and H., which is now known to represent the 
immature stage of the Sind variety of Yohita dentafa Sow., a Gdj 
fossil. The adult shells of both species are quite different. The 
immature shells exhibit a certain general similarity but are readily 
distinguishable on closely comparing the actual specimens. One oi 
the most conspicuous differences is the position of the posterior 
ledge which, in the earlier whorls of Tolutosp{7ia dentata is not 
horizontal and is much less prominent than in the corresponding 
whorls of Volutocorbis E^igenioc, and which corresponds with the 
interval between the two first rows of crenulations, while in Toluf- 

ocorbis Eugenics it is situated between the first row of crenulations 
and the actual suture. The axial ribs of Tolutos'inna denfata also 
increase rapidly in number with increasing growth, while their 
number, in each successive complete volution, remains stationary 
or increases very slightly on the spire of Volutocorbis Eugenics. 

Occurrence.—^Upper Ranikot. Zone 3 : Jhirak (Tredenbuig, K-qI^). 

Zone 4: Jhirak (Fedden, ; Yredenburg, K-j^); left bank 
of Indus opposite Jhirak (Yredenburg). The occurrences from other 
horizons recorded in the Memoir on the Ranikot iauna belong to 
other species. 

Athleta (Yolutocoebis) Yictort^ d. sj- 

Pl. 15, fig. 4. 

This shell, in most of its characters, exhibits the closest resem¬ 
blance to Valuta radiila Sow. from the cretaceous of southern India, 
but is distinguished by its more regularly distributed crenulations 
and the much shallower anterior concavity, indicating that the 
anterior part of the columella cannot be diverted as in the south 
Indian form. 

Occurrence.—^Tipper Ranikot. Zone 1: underscarp of Jakhmari 
peak (Noetling). 
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Atelsta (Volutocorbis) Burtoni n. sp. 

PL 15, £g. 2. 

This shell exhibits the closest xesemblance t»o VoJa^a scahrloula 
iSol.J trom the upper eocene of the Anglo-P?risian region from which 
it is distingaibheJ by its smaller size and -aomewhat more convex 
spire-whorls. The stracture of the coiume la and the disposition of 
the columella folds are practicallv identical in the Eu opean and 
Indian fossils. Volutocorbis Victorird is larger with moie convex 
spire-whorls and more evenly distributed crenulations. 

Occurrence.—^Upper ^Ranikot. Zone 1: two miles east of Kan 

daira, Vera plain east (Fedden, 6-J5I-, ); north of Leilan coal 

pit (Fedden, 63^); underscarp of Jakhmari hill (Noetling, K-g^). 

Athleta (Volutocorbis) ARcniACi Dalton. 

1883. Milra sp.—Boettger, Bal., suppL Vol. Ill, fasc. 10 and 11, p. 134, 
PI. XI, fig. 11. 

1908. foluia d^ArMaci Dalton.—J, G.8., Vol. LXIV, p. 640, PI. LV, fig. 5- 
1914, Volutililhes (Volutocorbis) Icleei Martin.—8amml. d. geol. B.—Mus. in 

Leid, new sex., Vol. D, p. 134, PI. IH, figs. 70, 71. 

Athleta IcJcei Martin, from the upper eocene of Java, agrees so 
essentially with this fossil that the slight difierences which it exhibits 
are insufficient for specific distinction. 

The principal difference of the Burmese form resides in the 
somewhat less crowded spiral imbrications of the body-whorl, the 
ornamentation being apparently still flatter than in the type 
specimen of the Java form, and excessively regular, the whole 
surface being divided into almost perfectly square spaces by the 
evenly spaced, very narrow, shallow furrows that divide the very 
flat imbrications, both spiral and axial. The circumsutural channel 
surrounded by an almost vertical rim of crenulat ons anteriorly 
separated from the next row of crenulations by a very narrow 
spiral band on the later spire-whorls and on the body-whorl, is 
disposed exactly as upon the Javanese type. There are also, as in 
the Javanese form, three very prominent columellar folds anteriorly 
to which there is another subsidiary fold, which disposition corre¬ 
sponds with one of those recorded by Martin for the Javanese 
fossils. Again, as in the Javanese form, there is no trace of a 
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colmnellar lip posteriorly to the columellar folds. The ■walls of the 
shell are interually lirate. 

Dimensions.—The restored measurements of the solitary speci¬ 
men at present available in Calcutta are as follows:— 

Height. 
mm. 

. 41 
Thickness. . 20 
Height of spire. . 12 
Height of body-whorl. , ^ . 33 

The type figured by Martin measures 44x23 mm., while some of 
the fragments from Java indicate, according •to Martin, a maximum 
height of 60 mm. 

Occurrence.—^Stream between 32nd and Slst mile, nearly 31J, on 

the Yaw-Pasok B.oad, Sheet 84 -y ; also north-east of Subagyidau, 
Minbu district (Dalton). 

Glenus: VonxmLiTHEs Swainson, 1831. 

The following species of YolutiMies are known from the Tertiary 
formation of India :— 

1. Yol/uiMhes jhirakensis C. and P. 

2. ” cnraianmsis n. sp. 

3- ” (?) sihesurensis [d’A. and H.] (Descr. an. foss. 
gr. numm. Inde, p. 327, PI. XXXII, fig. 
7, PI. XXXni, fig. 12). Eocene of the Salt 
Eange. 

The geuetio attribution of the last-named species is doubtful. 
D’Aichiae and Haime have compared it with Yolvta murmna 
Lamk., the genoiTpe of YohaiUthes, and it is therefore provision¬ 
ally placed in that genus. 

VOLUTILITHES JHIRAKENSIS C. and P. 

1909. VotuUlithes jhiraienaie Cosnaa&n and Pissaiio.—Pal. Itid., new 
ser., Vol. Ill, Mem. No. 1, PI. Ill, figs. 13, W. 

This species was figured in the monograph of the Eanikot fauna 
published in the Ralceontohgia Indica {loc. cii. in syn.)^ but was- 
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apparently overlooked in the preparation of the descriptions. I 
have endeavoured to remedy this deficiency. 

This shell closely resembles Toluta mvr.cina Lamk., genotype 
of Tolutilithes, from the middle eocene of the Paris region from which 
it is distinguished by its shorter spire. It is also very closely related 
to VolutihtJies samtrensis Oppenheim. from the Upper Mokattam 
of Egypt {Pal. Vol. XXX. 1906,3rd pan, p. 328, PI. XXIV, 
fig. 21) with which it shares the circumsutural furrow regarded by 
Oppenheim as its chief distinguishing feature from Tolnta miiricinn. 
The Egyptian species is distinguished by the more definite posterior 
angulation of its whorls developed not only on the body-whorl 
but also upon the spire-whorls upon which it is not observed in 
the Sind fossil. The Egyptian shell also appears to have a more 
ventricose body-whorl. 

Oeeurrence.—Upper Kanikot. Zone 4 : Jhirak (Vredenburg K-iar )i 

left bank of Indus opposite Jhirak (Vredenburg K-Vjo ). 

VoLuraiTHES arakaueksis n. sp, 

PI. 16, fig. 1. 

7 1895. VoMa Jitnginihni —Suminl. (f«v. getl. Be'chg-llwt. it 
Laden, new 8er., Vol. I, p. 74, PI. XI, flg. 167. 

In spite of the poor state of preservation of this shell, the stia^lil^ 
ness of the columella, the pronounced anterior notch and differen¬ 
tiated zone of accretions, as well as the disposition of the columellar 
folds, clearly establish its position witihin the genus Volutilithes. 
It is specially characterised by the proportions of its spire which 
is exceptionally short for the genus. Amongst European species, 
the only one with so short a spire is TolvitiMthes Goldfmsi [ Desk.], 
froifi the upper eocene of the Paris region, which is much more convex. 
The only o^er Indian species is VohitiMthes jhirahensis C. and P., 
from the lower eocene of Sind, which also has a relatively short 
spire and which closely resembles in shape the Burmese fossil, but 
in which the body-whorl carries much more distinct ribs which 
tend to develop into spines along the posterior angulation of full- 
grown specimens. The specimen from “ Mount Sela ” in Java, 
doubtfully referred by Martin to YohOa JmgMJini closely resembles 
the Burmese fossil. 

Occurrence.—Kyaukkwet Chaung. 
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Genus; Lybia Gray, 1847, 

The following species of Lyria- are known from the Tertiary 
formation of India : 

1. Lyria Cossmanni n. sp. 
2. „ Feddeni n. sp, 
3. ,, ' varicosa n. sp. 
4. „ ancej)s Mcht. Nari of Sind and Baluchista,n. 
6. „ jugosa J.de C. Sow. Gaj of Kaohh and Sind. 

Lyria Cossmaitni n. sp. 

1909. Lyria biJicsiirenais d’A, and H. see. Cossmann and Pissarro.—Pal. lad., 
new sor., Vol. Ill, Mem. No. 1, p. 29, PI. Ill, figs. 25, 26i {non 
PI. II, fig. Sl=Lyria Feddeni). 

In the monograph describing the Ranikot fauna published in 
the PalcBontologia Indica {loc. cU, in syn.\ under the heading of 
Lyria sihesurensis d’A. and H., two different species have been 
included, neither of which corresponds with d’Archiac and Hairnets 
species. The specimen figured in figs. 26 and 26, PL III (and 
fig. 26, PI. II), is from Jhirak and belongs to zone 4 of the upper 
Ranikot. It may be distinguished as Lyria Oossmanni. The 
specimen represented in PI. II, fig. 31, was obtained to the north 
of Leilan coal pit, from the strata of zone 3. It may be named 
Lyria Feddeni. 

The detailed description in the Ranikot monograph refers 
exclusively to the Jhirak specimen with the exception of the final 
clause regarding the columellar folds, which refers to the species 
hereafter described as Lyria Feddeni. The columellar lip is not 
preserved in the available specimens of the Jhirak form. 

In d’Archiac and Haime’s Description ”, Voluta sihemrensis, 
a Salt Range fossil of middle eocene age is illustrated with two 
figures which the authors of the Ranikot monograph have interpreted 
as representing separate specimens, which they have attributed 
to two different species. An examintion of d’Archiac and Haime’s 
types has shown that both figures represent the same specimen. 
Moreover, it is not a cast as might be thought from the appearance 
of the illustrations, but it has the shell well preserved. The genus 
of the Salt Range fossil is doubtful. It may be a VoMiUthes. 

‘ Fig. 26, PL II, represents tie same specimen as fig. 26. PI. ttt. 
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It differs from the Jhirak fossil owing to its more roimded spire- 
whorls without any spinose terminations to the ribs, while, on the 
body-whorl, the ribs become wide-spaced, coarse, blunted and 
nodose in a manner of which there is no indication ,n specimens of 
the ^ame size of the Jhirak form. 

On account of its oblique ribs, the Jhirak fossil was compared 
by the authors of the Eanikot monograph with the diminutive 
Lyria Coroni Morlet, of the Paris eocene. Except for the obliquity 
of the ribs, it closely resembles Lyria iurgidida [Desh.] from the 
Paris eocene, in dimensions, outline, proportions, and ornamenta¬ 
tion. 

Occurrence.—^Upper Ranikot. Zone 4: Jhirak (Yredenburg 

^ 174’ ^ 176^* 

Lyria Fbdbeni n. sp. 

1909. Lyria sihesurenais d’A. and H. sec. Co&smann and Pissarro.—Pah Ind., 
new ser., Vol. XII, Mem. No. 1, p. 29, PI. II, fig. 31 (non PI. II, 
fig. 26, PI. Ill, figs. 2o, 26=Lyria Cobsmanni). 

Large-medium, elongate, with broad conoidal spire slightly exceed¬ 
ing one-quarter of the total height. 

The apex is missing. The number of spire-whorls following the 
protoconch is probably four or five. They are separated by 
linear sutures. Their outline is somewhat hemispherical, dome¬ 
shaped, the height being equal to two-fifths of the width at early 
stages of growth, increasing to nearly half the width in the last 
spire-whorl, the maximum thickness coinciding with the anterior 
margin. Each whorl carries twelve moderately prominent blade¬ 
like ribs, narrower than the intervening spaces, sdghtly curved 
with forward facing concavity, steeply antecurrent to both sutures, 
the apex of the curve being situated nearer to the posterior than 
to the anterior margin and coinciding with the maximum prominence 
of the ribs, without any tendency towards the formation of spines. 
There are no spiral ornaments. The lines of growth share the direc¬ 
tion of the ribs. 

The large elongate body-whorl measures eight-ninths of the 
total height. It exhibits posteriorly an elongate ovoid convexity, 
the degree of curvature of which decreases in an anterior direction 
till the outline anteriorly becomes almost rectilinear, or even, 
on the left side of the shell, slightly concave in consequence of the 
shght bulge of the winding zone of accretions of the terminal notch. 
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The axial ribs, the number of which is reduced to ten, are slightly 
more prominent than on the spire. Posteriorly they are disposed 
in the same manner as has abeady been described for the spire- 
whorls. Throughout a considerable part of their length they are 
practically vertical, finally becoming slightly curved and anteriorly 
retrocurrent on approaching the anterior extremity of the shell, 
finally disappearing before reaching the anterior bulging zone, 
being replaced by lines of growth which recede anteriorly till they 
join the sinuous accretions of the terminal bulging zone. As wilii 
the spiie-whorls, there are no spiral ornaments. 

The narrow aperture is angulated posteriorly, feebly contracted 
anteriorly. The feebly twisted terminal edge of the columella 
is rather steeply obbque, and, with an angular bend passes into 
an almost vertical portion which posteriorly joins the base of the 
penultimate whorl. At about the level of the bend is an oblique 
spbal fold followed apparently by two more folds which are ill- 
seen in consequence of a roclgr incrustation. The columellar lip 
is thin and narrow and carries close-set, short, obbque ridges through¬ 
out the greater part of its length. The outer lip, externally thickened 
by the last rib, is steeply antecurrent to the suture and is vertical 
throughout the greater part of its length. 

Dimensions, 

Height. 
Thiclmess . . • • . 

Height of spire » • « « 
Height of body-whorl 

Occurre/nce.—^Upper Eanikot. Zone 3: north of Leilan coal pit 
{Fedden G |P)- 

Comparison.—This shell is not closely related to any other previ¬ 
ously described species. 

46 mm. 

12 „ 
40 „ 

Ltria vasioosa n. sp. 

PL 16, fig. 3. 

THs fossil belongs to tbe same group of fusoid varicose species' 
'with u'omerous columeDar folds as Lyria ancefs [Mioht.] from the 
oligoceue of lagoria and of north-western India, and Lyria jugosa 
[Sow.] from the lower miocene of Kachh and Sind. It has a relatively 
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shorter spire and wider-spaced ribs than Lyria anceps. Owing 
to the narrowness and feeble depth of the sutural gioove, the 
spiie-whorls do not exhibit the same distinctly stepped appearance 
as in Lyria jugosa. But for its shorter sjpire and the presence of 
varices, it corresponds exactly with Bellardi's figure of Lyria 
parens (Moll. terr. terz. Piem. e Lig., parte \1, p. 6, PI. I, fig. 2) 
of which it is perhaps to be regarded as a variety. 

Occurrence,—^Ngahlaindwdn, Payagyigon. 

Genus ; Aulica^ Gray, 1847. 

The following species of Aulicti are known from the Tertiary of 
India: 

1. Aulica Sismondai [d'Archiac]. 
2. „ muUideniata [d’A. and H.] (1854, Descr. an. foss. 

gr. numm. Inde, p. 326, PI. XXXII, fig. 1) 
with which should perhaps be united Vohua 
Ilumberti d'A. and H. {op, cit., p. 327, PL XXXIV, 
fig. 9). Mddle eocene of Sind. 

3. „ saUensis [d’A. and H.] (1854, Descr. an. toss. gr. 
numm. Inde, p, 328, PI. XXXIV, figs. 10, 11). 
Middle eocene of the Salt-Eange. 

4. „ bmnanica [Dalton], perhaps identical with the 
preceding. 

6. „ {Aulicina) Haimei f d’Archiac ]. 

Aulica Sismondai [d’Archiac].^ 

I860. Voluta SiemoTidai d’Arcliiac.—des piogr^s de la G4ol., Vol. Ill# 
p. 298. 

1864. Voluta Hismondai d’Arch.—^D’Arcliiac and Haime, Descr.'an. foss. 
gr. numm. Inde# p. 326# PI. XXXI# Rg. 26. 

^ Rovoreto in 1899 (Prime rich, sinonim. sui Gen. dci Gasteropodi, Genoa, Aiil 
ZiflT. woi., Vol. X) has altered this name to HeUroaxdica on account of the 

previous existence of a genus Aulicvs S-pin, amongst the Coleoptera. Commenting 
upon this change, Oossmann# in 1901 (EssaisPal. oomp., Ill# p. 252), has regarded 
it as just admissible in spite of the diference of gender. The difierenoe, though 
slight, seems nevertheless sufidoient# especially as there is not the remotest risk of 
confusion between a beetle and a Voluta. Instead of seizing upon every pretext to 
alter the existing nomenclature# we should# on the contray# avoid any modi- 
fioation that is not absolutely necessary. In the latest scheme of classification of the 
Vdutidae published by Oossmann (1909, Ess. Pal. comp., Vol. VIII, p, 211}, AvUchia 
(Roveretol899)is^hetypeof a genus with HeteroauUca as a sub-genus. Byrestoring 
Gray’s designation, AwMco might assume the position of a generic type to which 
AuUcina could then be subordinated as a sub-genus# and we would thereby avoid 
the illogical use of a diminutive to designate these large shells. 
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1909, Auhchia Haimei (H'ATdh.—Cossmann and Pissaiio, PaZ. hid.^ new 6or. 
VoL III, Mem. No. 1, p. 26, H. II, figs. 28, 30 {non fig. 27=Atlihia 
Blanfordi nec fig. 29^Aulica Haimei, neo PL VIII, %. 2=Athlefa 
Stanford i), 

1909 VoliiiocoimeJ corrugaim Cossmannand Pissano, Pal, Ind., now sor., 
VoL III, Mom. No. 1, p. 28, PL III, figs. 6, 7. 

In its earlier stages of growth., owing to the absence of spines 
this shell exhibits a very difEerent appearance from that which it 
assumes at intermediate and adult stages when it reaches a large 
size and is encircled with rather crowded spines of moderate dimen¬ 
sions. Consequently, in the monograph of the Ranikot fauna 
published in the Palwontologia Indioa (he, ciK in synf), an immature 
specimen was described as Volutoconm ? corrugatus though the 
authors specially mentioned that the sinuosity of the outer lip 
I'endered this generic attribution uncertain. The existence of 
this sinuosity and the structure of the large protoconch clearly 
establish the identity of Yolvtoconus corragatxts with d’Archiao's 
type of Yohita Sismoniai in which it can clearly be recognised that 
the first whorl following the protoconch does not bear any spines 
or nodosities. D'Archiac’s type is not full-grown, but it readily 
establishes a link between the quite immature type of Volutoconm 
cornigatm and the large nodose adult specimens. 

AuUca Sismondai appears to be related to certain forms from 
the middle or upper eocene of India or of Egjrpt, such as Yolvfa 
sdlsensis d’A. and H. and Yoluia arahica Mayer-Eymar. generally 
distinguished by the feebler development or absence of spines. 
Amongst related living species, Yolida anlica Solander has a relative¬ 
ly much taller spjire, whih Yoluta imperialis Lamarck is much 
krger and more ventricose. 

Occurrence,—^Upper Eanikot. Zone 2, higher beds: 3 miles east 
of the old coal-pit near Leilan, Vera plain east (Pedden, G ^). 

Zone 3: north of Leilan coal pit (Pedden, G ; three miles east 

of Leilan coal pit, in brown limestone on the road to Unerpur 
(Pedden G ^). Zone 1: Jhirak (Pedden G Vredenburg K 

K ; left bank of Indus opposite Jhirak (Vredenburg K ). 

Aulica birmanica [Dalton]. 

? 1864. Yolvta saUensia d^Arcliiac and Haime.—Besor. an. foss. cr. numm. 
Inde, p. 328, PL XXXIV, figs. 10, 11. 

1908. Voluia (?) bhmanica Dalton.—Q,J.G,I3,^ VoL LXIV, p. 632, PI. 
LVII, fig. 10. ^ 
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This shell belongs to a group of short-spired species abundantly 
represented in the Tertiary of India and Australia. Compared 
with Toluta Sismondai, dArchiac and Toluta Haimei d’Archiac, from 
the lower eocene of Sind, it is readily distinguished by the absence 
of spines, while it is differentiated from Vohda mvltideuiaia d’A. and 
H., from the middle eocene of Sind, by its Tsider-spaced internal 
folds. Its specific distinctness from Tohita salsensis d'A. and H. 
from the eocene of the Salt Eange is doubtful as this latter species 
is also characterised by rather wide-spaced internal folds. 

Occurrence,—^Kyettein Chaung, N.W. of Man; Eyudaw Chaung, 
east of Pawk; 3 miles N. of Pyatgale; Thetkegyin, 3J miles 
W.S.W. of Yethama; 2 miles KT. of Zalyaw. 

The type-locality is “ Yenanin Chaung, near Banbpn (Thayetmyo 
district).’* 

Aulica (Aulicina) Haimei [d'Archiac]. 

1850. ZTrtiWPz d'Archiac.—Hibl. dcs piocies do Cttl., Vcl JlJ, 
298. 

1854. Voluia Enimci d’Arcli.—D’Aicliiao and HainiO, L‘o&ci. an foss. li* 
numm. Indo, p. 325, PI. XXXI, figs. 2C, 27. 

1900. Aulicina EaimH ATCi}i,—Cossmann and rib<*oiio, Pr/. Arf., now so'". 
Yol. in, Mem, No. 1, p, 23, PI. II, fig. 29 (non fig. 
Blanfordi, ticc figs. 28, 30==A«Zfca Shmondui,, 7cc, P], Till, fig. i = 
Aihlela Elan fa d^'), 

1909. Avlicina pusiola Cossmann and Pissario.—Pal. Ivd.., now scr., Yol. 
Ill, Mem. No. 1, p. 26, PI. II, fig. 34, PI. Ill, figs. 4, 5. 

1909. Volnioconns fmuculifer Cosftmann and Pissarro.—Pal. Ind., new scr., 
Vol. Ill, Mem. No. 1, p. 27, Pi. Ill, figs. 10—12. 

In the Eanikot monograph (Pah Ind.y he. cit. in syn.)^ all the 
large specimens of VoluUdae from the Eanikot Series have been 
referred to Aulioina Haimei, to which species none of them belong. 
These large specimens are adult individuals either of Aulica Bismmdai 
which reaches a height of 90 mm., or of Athleta Blanfordi, some 
specimens of which must have attained as much as 130 mm. Pull 
grown specimens of Aulioina Haimei do not exceed 46 mm. in height. 

Adult specimens of these three species may be differentiated 
by some easily recognised features. 

In Athleta Blanfordi, the protoconch is relatively small, not 
exceeding 2 mm.; the lines of growth on- the spire-whorls are 
crescentic with forward facing concavity; the body-whorl carries 
ten prominent spines; the entire surface of the shell is smooth; 
there are three internal spiral folds. 
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Aulica Sismonda has a very large protoconch, measuring up 
to 8 mm.; the lines of growth on the spire-whorls are sigmoidal; 
the body-whorl carries from 9 to 12 blunt nodes ; the spire-whorls 
are decorated with spiral threads ; there are from 5 to 7 internal spiral 
folds 

In A^lliciim HaimeL the protoconch averages 4 mm., more or 
less; the lines of growth on the spire-whorh are nearly straight; 
the body-whorl carries from seven to nine prominent spines; the 
spire is covered with crowded spiral threads alternating in two 
sizes • the number of internal folds is usually ten. 

Athhta Blanfordi is exclusively restricted to zone 1; Aulica 
Sisniondai ranges from zone 2 to zone 4 ; Aulicinn Haimei characteri¬ 
ses zones 3 and 4, 

Compared with the recent Valuta vespertilio Linn., the genotype 
of Aulicina Eovereto (= Vespertilio Klein), Vohita Haiviei is distin¬ 
guished by its relatively shorter spire and its much smaller dimen¬ 
sions. 

Occurrence.—Upper Ranikot. Zone 3: Jhirak (Vredenburg 
K ). Zone 4; Jhirak (Vredenburg, K K ; left bank of 

Indus opposite Jhirak (Vredenburg. K ^g). 

The supposed occurrences from zone 1, mentioned in the Ranikot 
Memo’r, refet to AtWe*a Blanfordi. 

Genus: Scaphella Swainson, 1832. 

The species recorded below is the only one hitherto known from 
the Tertiary of India. 

According to Cossmann (Essais pal. comp., fasc. Ill, p. 127) 
the geologically earliest recorded representative of this genus is 
Valuta piriformis Forbes from the upper cretaceous of southern India. 

SOAPHELLA HUMILIS n. sp. 

PI. 14, fig. 10. 

In shape this shell closely resembles the living Valuta Junonia 
Hwass, the genotype of Scaphella which grows to a much larger 
3'ze. Amongst fossil species, the form nearest related is Scapheth 
tongrica Cossmann from the lower oligocene of North Germany 
{=:Vol%Ua oUusa v. Koenen, non Emmons), which is also much 
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larger. Voluta McCoyi T. Woods and Voluta pohta Tate from 
ilnddy Creek and other Tertiary exposures of Australia and 
Tasmania are not much larger than the Burmese shell, but are 
readily distinguished by their relatively much larger spire. 

Occurrence,—Thetkegyin. 

Family: MITKID^. 

Genus: Metra Lamarck, 1799. 

The following species of Mitra are known from the Tertiary 
formation of India: 

1. Mitra singvhisis Vred. (Bee. Geol. Sum. Ind., Vol. LIII, 
p. 340, PI XXII, fig. 2). Singu, N. 

2. 55 hirmmica n. sp. 
3. 55 imi'odica n. sp. 
4. 55 huddJiaica n. sp. 
5. 5' cMnensis Gray. var. suhscroUcuhia d’Orb, Gdj of 

Xachfi. 
6. 55 gmnatincefomis Martin. 
7- 5' tittabiveensis n. sp. 
8. 55 ingiiinata Eeeve. Mekran beds. 
9. 55 {Caticilh) hrachys'pira C. and P. {Pal. Ind., new 

ser., Vol. m, Mem. 1, p. 30, PI. Ill, figs. 31, 32). 
Lower eocene of Sind. 

10. 55 {Oandlla) renibangemis Martin. {Samnd. d. geol. B.— 
Mtis. in Leiden, new ser., Vol. I, p. 304, PI. XLIV, 
figs. 722, 723). Dalabe, Kyaungon, Kyudawon, 
Myankmigon. Tbanga, Also probably in the G&j of Sind. 

11, 55 {Ca>icilh) sucabumiana Martin. {Samml. d. geol. 
R.-Mus. in Leid., new ser., Vol. I, p. 303, PI. 
XLIV, fig. 721). Dalabe, Kyaungon, Myaukmigon, 
Myingabaing, Tittabwe. 

12. 55 (Candlla) flammea Inoy. Pliocene of Karikal and 
Mekran beds. 

13. 55 {CandMa) drcula*a Kiener (Cossmann, Jomn. Conch., 
1903, Vol. L, p. 123, fig. 13). Pliocene of Karikal. 

14. 55 {Chrysame) Soteerhji d’Orb. GAj of Kacbb, 
15. •5 {Ghrysame) kyaungonensis n. sp. 
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Mitra birmanica n. sp. 

PI. 16, fig. 6. 

This shell seems related to the living Mitra rubiginosa Reeve, in 
which the ornamentation is more pronounced and the columella 
bears five folds mstead of three, though the two anterior dnes 
are often very feeble. 

Amongst fossil species, Mitra aiava Bellardi, from the pliocene 
of Bordighera, resembles the Burmese shell very closely, but is 
larger and has four spiral folds, while Mitra peracufa Bellardi, 
from the miocene of the neighbourhood of Turin is almost identical, 
but much larger. 

Occurrenre.—Thanga. 

Mitra irayadica d. sp. 

PL 16, fig. 4. 

This shell resembles the living Mitra melaniana Lamk. froni 
Port Jackson in Australia in which the spiral ornaments are more 
crowded and the terminal zone of accretions less sharply demar¬ 
cated. 

Several fossil species from the upper tertiary of Europe, such 
as Mitra conspicienda Bellardi and M, proodma Bell., from the 
miocene, and M, astensis Bell., and M. decipmis Bell, from the 
pliocene, also resemble the above-described species, but attain 
larger dimensions. 

Occurrence,—^Migyaungye, Myaukmigon, Myauktin, Titttabwe. 

Mttra buddhaioa n. sp. 

PL 16, fig. 9. 

Compared with this shell, Mitra inguinata Reeve, living in 
the eastern seas and fossil in the Mekran beds of western India, 
is distinguished by its slightly more convex whorls and deeper 
spiral grooves. Mitra isiulata Reeve, from the Viti Islands, has 
a closely similar shape, but its spiral striations are apparently 
more crowded. 

Occurrence.—Myaukmigon. 
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Mitra graxatdjjeformis Martin. 

IBS'!. JJ HI jicnahnviomU Manm—tiMnvd. <f«s ged. Retdis-Museums 
I Le den, ser. 1, Vol. Ill, p. SC, PI. V,fig. 87. 

So lai as can be ascertained from the available figure and des¬ 
cription, the tossil here recorded is specifically identical with Mitra 
{,faiKtUmformis Maitin occurring in the Tertiary formation of 
Ngembak in Java. Martin compared the Javanese species with 
a fossil from the Gij formation of Sachh hesitatingly referred by 
*5owerby to Miira scrohiculafn Brocchi and renamed by d’Orbigny 
Mitra subscrotneuta^a, which, on re-esamination, does not seem 
to be specifically difierent from the living Mitra cMnemis Gray 
ot the Eastern Seas. The Burmes>e fossil is certainly very closely 
related to the 6aj and living species. Moreover, the distinction 
indicated by Martin as separating both shells, that is the relatively 
taller aperture oi the solitary Java specimen compared with the 
Kachh specimen figured by Sowerby, does not hold good when more 
numerous series of shells are examined, for there are many !Eachh 
'Oecjinens in which the height of the aperture equals or exceeds half 
the height of the shell, and is relatively quite as great as in the 
Javanese type of Mitra gramttna^ormis. Nevertheless, the un¬ 
doubtedly smaller dimensions of the Javanese and Burmese forms 
as compared with the Eachh fossil and living shell, constitute a 
sufficient difference for specific distinction. The Burmese shells 
have the ornamentation more pronounced than the Eachh and 
recent species, and a similar difference seems to characterise the 
Javanese specimen. 

Compared with Mitra soahriusouh linn. (=M. granatma Lamk.), 
M. gramtinc^omds is readily distir^ished by its smaller size and 
lesj prominmit sculpture. 

Ocomrence.—^Kyudawon, Myauktin. 

Mura TxrrAswsiRNsis n. sp. 

PI. 16, fig. 8. 

This shell resembles the previously recorded form referred to 
Mitra grarntmeeformis so closely as to give rise to some hesitation 
as to whether it should not be regarded as a variety of the same 
species. Nevertheless, the more delicate thinner grooves, their 
tendency to multiply by intercalation, and the absence of any 
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tendency to a stepped disposition of the suture, constitute constant 
difEerences. 

Occti/rrence,—^Kyaungon, Myaukmigon, Tittabwe. Some rather 
weathered specimens from Thanga probably also belong to this 
species. 

Mitra (Chrysame) kyaungonensis n. sp. 

PL 16, fig. 6. 

Although the outer lip of the solitary available specimen is in¬ 
complete, this species has been referred to the section Chrysame 
of Scabricula on account of its extremely close resemblance to 
Mitra •pellis-serpeniis Reeve which is a typical Chrysame, from which 
the fossil is distinguished by the greater width of the sunken inter¬ 
vals between the raised ornaments, giving a more trellised appear¬ 
ance to the ornamentation, and by the presence of five columellar 
folds instead of four. 

Occurrev ce.—^Kyaungon. 

Genus: Turricui^ Klein, 1753. 

The following species of Tiirriciih are known from the Tertiary 
formation of India: 

1. Tnrricula birmanica n. sp. 

2. „ thamjaensis n. sp. 
3. „ minima n. sp. 
4. „ Urocostata Cossmann (1899, Essais Pal. comp., Ill, 

p. 196, PL Till, figb. 20, 21). Pliocene of Earikal. 

TuRRICXJLA BIR3JIANICA n. sp. 

PL 16, fig. 10. 

This shell is so closely related to Tumcula zonalis flnoy and Gaim- 
ard| (Toy. Astrolabe, il, p. 664, PL XLV his, fip. 16, 17) from the 
Philippines, as to render specific discrimination uncertain. The 
only difference that can be detected is that the fossil is somewhat 
more concave at the neck and consequently more lostrated. The 
ornamentation appears to be strictly identical. 

Occurrence,—TajSkgyigon., Tetma. 
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Turricula thaxgaexsis e. -p. 

PI. 16, fig. 2. 

Tliis shell exhibits the closest xesemblaace to Turricula (jeniba- 
cana Martin from the Tertiary iormation of Java, but its spire is 
not distinctly stepped as in the Javanese form, the sutures are less 
impressed, and the spiral striations appear to be wider-spaced. 

Turricula taeniata Lamk., from the eastern seas, has a very 
similar appearance, but grows to a much larger size. 

Occurrence.—Thanga. 

Turricula minima n. sp. 

PI. 16, fig. 7. 

This species is closely related to the equally small Turricula 
lirocostata Cossmann (Essais de Pal. comp. III, p. 196, PI. VIII, 
figs. 20, 21), from the Tertiary of Karikal. The Burmese fossil 
is still more elongate, its ribs are relatively broader as they leave 
practically no interspaces; the spiral ornaments are much more 
delicate and much more crowded. 

Occurrence.—Thanga. 

Genus Volvaria Lamarck, 1801. 

The following species is the only representative ot this genus 
so far known from the Tertiary formations of India. 

Volvaria Bir^u.vnica Koetling. 

1895. Volvaria hmmnica Noetliog. Mem. Geol. Sure. lad., Vol. XXVL 
p. 37, PI. VIII, fig. 7. 

1901. Volvaria hirmauica Noetling. Pal. lad., new ser., Vol, I, part 3, 
p. 322, PI. XXI, fig, 11. 

1921. Volvaria hirmanica Nootlmg, Vrodenburg, Rec. Qeol. Surv. Ind., Vol. 
LI, pp. 275, 286. 

This species bears the closest resemblance to Volvar'a multi- 
cingulata Sandberger, from the oligocene of Mainz, from which it 
is distinguished by its acuminate non-umbilicated apex and by the 
presence of four columellar folds instead of three as in the Ehenish 
species. Voharia aautiuscu^a Sow. from the upper eocene of the 
Anglo-Parisian region is also very closely related, but is likewise 
distinguished from the Burmese shell by the presence of only three 
columellar folds as well as by its more crowded spiral ornaments. 

Occmrence.—^Minbu, ** zone of Cancellaria martiniana.^^ 

B 2 
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EXPLANATION OF PLATES. 

PLATE 14. 

Eig. 1.—Omvanoillabia bibmaotoa n. sp. Tittabwe. 
Tia. 2.—AitoilIiA (Spabella) siBMAJffioA n. sp. Myauktin. 
Era. 3.—OuvANOtLiiABiA (Agaboisia) Cossmaeni n. sp. Tittabwe. 
Eig. 4.—OLryAyorUiABiA (Agaboisia) PAaoDtrA. n. sp. Tittabwe. f. 
Eig. 5.—Aboula (Spabelldta) pceiotens n. sp. Mmdegyi, f, 
Eig. 6.—H4BPA (Eoctthaba) birmanica b. sp. Thetkegyin. 
Tig. 7.-~>MABGmELLA OBiEiiTALts n. sp. Thetkegyin. 
Eeg. 8.—Athlbta (Nboathleta) HosAiOBiE n. sp. Thetkegyin. j. 
Eig. 9.—Ancella (Spabella) itoioa Veed. Tar. abakabensis il var. Tetma. |. 
Eig. 10.—Soaphella htthilis n. sp. Thetkegyin. 1. 
Eeg. 1L—Crtptospira birmazhca n. sp. Tittabwe. 

PLATE lo. 

Eig. 1.—Athleta (Voletospina) Anxa:!JDalei n. sp. Thetkegyin. 
Fig. 2.—Aa?HLETA (Voltitocobbis) B^tetosti n. sp. Probably from the nnderscaip 

of Jakhmari peak. 4* • 
Pig. 3.—Lteia tabicosa n. sp. Payagyigon. ], 
Eig. 4—Aibleta (Volxjtocobbis) Vicpostai n. sp. Underscaip of Jakhmari. ]. 
Eig. 5.—Athleta (Voltjtoooebis) EtTGENi-ae n. sp. Upper Kanikot, zone 3 : 

Jhirak. -I* 
Eig. 6.—Athlkca (Voletospuja) AnatrsTiB n. sp. Thetkegyin. 

Eig. 7.—Athleta (Voluiocobbis) EtfGnmE n. sp. Upper Bainkot, zone 4 ; 
left bank of Indus opposite Jhirak. 

Eig. 8.—Atbojeta (Neoathleta) Theobaldi n. sp. Sit Chaung. 
Etc. 9.—Athlbta (Volutostota) Attgusm n. sp. Thetkegyin. |. 

PLATE 16. 

Eig» L—VoLTTimxHES ABABAEENSis n. sp. Kya kkwet Ghaung 
Eig. 2.—Tubbiouia tba^gaeesis n. sp. Thanga. 4. 
Eig. 3.—Athlbta (VoLinrospisrA) Isabelle n.sp. Near Leilan on the road to 

Unerpur, Sind, 
Eig. 4.—Metba mAVAiacA n. sp. Myauktin. -f. 
Eig. 5.—Mexha btbmabica n. sp. ITianga. | 
Eig. 6.—MnBA (Cbcbtsaaie} ktacjitgoeeesis n. sp. Kyaungon. 4. 
Eig* 7.—Tubbio^ bdckiua ru sp. Thanga. f. 
Eig. 8.—Mecsa tittabwbebsib n* sp. Kyaungon. 4, 
Eig. 9.—Mecba bui>i)Haica n. sp, Myaukmigcn. 4. 
Ero. 10.—'Tdbbicdla BmiAUiCA n. sp. Tetma. 4- 
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On the Structure of the Cuticle in Glossopteris 
ANGUSTiFOLiA Brongn. By B. Sahni, Pwfessor of 
Botmy, University of Lucknow. (With Plate 17). rE genus Glossopteris is known only from impressions. It colz- 

piises over a dozen species, of wtuch. the distinctions are based 
entirely on such characters as the shape of the leaf and the detail.' 
of the venation. In dealing with material of this nature any in- 
foimation that takes us beyond the gross features would he welcomed. 
Whenever the preservation is favourable, therefore, a study of the 
cuticular structure may usefully he made, for it is likely to help 
in the diagnosis of the species. And a special advantage of such 
studies is that, once we have learnt to associate certain epidermal 
characters with certain species, it would thenceforth be easy to 
identify even small fragments which may otherwise be unrecog¬ 
nizable. To the student of fossil floras the value of such identi¬ 
fications is considerable. 

During a recent visit to Baniganj I collected some plant remains 
with a view to investigate their epidermal structure. I liad only 
a few hours at my disposal, and although a considerable number 
of specimens were obtained, they were mostly small fragments. 
It was easy to refer the majority of them to either Glossopter s or 
Gangamopteris, but the species could not be ascertained escept 
in one case. This specimen was a broken leaf wbich, by its linear 
shape and the character of its venation, could be recognised as 
Glosso^&ris angustifolia \see natural size [photograph on PI. 17, fig. 1). 
The fossil is in fact almost identical, except for its larger dimensions, 
with those figured by the late Professor Zeillei (6) from the same 
locality. 

Kone of my specimens were found in sUu, but there is scarcely 
any doubt that they all belong to the Baniganj Stage of the Lower 
Oondwana System, these being the only beds that are worked at 
the mine visited. These beds are probably homotaxial with the 
Upper Permian of Europe. 

Quite a number of the fossils yielded well preserved cuticular 
preparations among which apparently seveml distinct species are 
represented. But ^ it would be scarcely worth while describing all 



■278 Records of the Geological Survey of India. [Vol. LIV. 

these before they can be assigned to their respective species: only 
those prepared from G. angustifolia are here described. 

The only species of Glossopteris whose epidermal structure we 
know is G. i/ndica Schimp. In 1896 Zeiller (5) gave a figure showing 
a few stomata among epidermal cells of a rectangular shape. The 
cuticle appears to have been relatively thick, for the stomata are 
shown srmk in depressions with well-defined contours. The lumina 
of contiguous cells are shown far removed from each other, as if 
the separating walls were exceedingly thick, but it is doubtful if 
this is a natural feature. There is no mention of epidermal hairs 
or appendages of any kind. 

In G. angustifoUa, on the other hand, as a glance at the figures 
will show, the structure of the epidermis is very different; and 
this is a point of some taxonomic use, because the distinctness of 
the two forms has several times been questioned. Thus, while 
Zeiller (5, 6) regarded them as distinct species. Professor Seward 
(S) originally included the two forms as varieties under G. Brown- 
iam B]»>ngn., later (4) according them specific rank on grounds of 
convenience. In 1905 Dr. Newell Arber (1) thought it probable 
that the leaves known as G. angustifolia may have been borne on 
tne same plant as G. indAca, a possibility that has more recently 
been admitted also by Dr. Halle (2), although this author, like 
others, is inclined towards a provisional separation. 

The following account of G. angustifoUa, when compared with 
what we know of G. Mica, appears to leave no doubt that the 
two forms are distinct. 

The stomata are confined to one surface of the leaf which, by 
analogy with existing land plants, may safely be taken as the lower. 
The cell-walls in the upper epidecmis are sinuous, the cells being 
about three times as long as broad (PI. 17, figi 2). 

The lower epidermis is more complex (PI. 17, fig. 3). The stomata 
occur in distinct areas which are separated ^m each other by a 
net-work of narrow strips devoid of stomata. It is likely that this 
net-work corresponds to that formed by the vtins of the leaf. The 
epidermal cells overlying the veins are similar to those of ihe upper 
epidermis, except that the sinuosities in their walls are less pro¬ 
nounced. The cells of the stomatiferous regions are much amnllAT 
than those of the parts devoid of stomata ; the^ are also more or 
less isodiametrio. A feature worthy of note is that the subsidiary 
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cells (i.e., the cells in the immediate neighbourhood of the stomata) 
are often distinguished by large ring-shaped marks. These marks 
can only be either short papillse on the cuticle or the scars of epi¬ 
dermal hairs. The impression gained is that a tubular appendage 
has dropped off, the stain-less centre of the scar representing the 
lumen of the hair. The presence of epidermal hairs in the region 
of the stomata is easy to explain on physiological grounds. 

The subsidiary cells vary from four to six in number. The 
two guard-cells of each stoma together form an elliptical area, and 
between them the slit-like pore is as a rule clearly viable. The 
orientation of the stomata does not seem to follow any rule. 

1 may also mention that on the tangential walls of some cells 
numerous extremely fine punctuations are seen, closely arranged 
along wavy parallel lines which are themselves close together. These 
wavy lines are not in continuation from cell to cell, but follow a 
direction of their own within their respective limits. They seem 
to represent an unusually fine sculptiiring of the cuticle—too fine 
to be accurately drawn on the scale of the figures in this note. 

1. Arbeb, E. a. N. 

2. Halle, T. G. . 

3. Seward, A. C. . 

4:. Ibid 

5. Zeilletj B. 

6. Ibid 
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EXPLANATION OF PLATE. 

PLATE 17 

Fra. 1.—OiiOSsoPTEEis ANairsTiFOLiA Bsongx.—PoEirov oe a fbond coMiEcted^ 
AT RaNIGAKJ. N ITTOAL SIZE. 

Fia. 2.—OliOSSOETEBIS ASrauSTIFOtJA —CAMEPA LUaDA SKETCH OF 

TJPPEE EFlDEEiHS. CiRC A ' 240. • 

Fra. 3.—Glossofteris AK&rsTTFOLiA Bbongn.—Camera lucid a sketch of 

imrm epideemis. sHomKG stomata, subssIdiabt cells and sc was 
OF BaiEBGENCES. ClRCA ' 24l\ 



Pabt 3.] Withers : Fossil Balanomorph Barmdes. 281 

Revision of some Fossil Balanomorph Barnacles 

FROM India and the East Indian Archipelago. By 

Thomas H. Withers, F.G.S. (With Plates i8 and 

19). 

IN 1906, a series of Miocene fossils from theMekran Coast, for¬ 
merly in the collection of the late Miss C. Birley, and now in the 

Geological Department of the British Museum, were described by 
Messrs. B. B. Newton, H. W. Burrows, and Dr. H. Woodward 
{Geol. Mag., Dec. v, vol. ii, pp. 293-310). These fossils were found 
in nodules obtained from the beach o5 the Ormara Headland, facing 
the Mekran or Baluchistan Coast, 130 miles W. of Karachi, and 
they were procured for Miss Birley by Mr. F. W. Townsend, Chief 
E.tecutive Officer of the Submarine Telegraph Service in the North 
Indian Ocean. 

The following year Mr. F. W. Townsend presented to the Geological 
Department of the British Museum a further series of nodules 
from the same locality and horizon as those just mentioned, and 
some of these when broken open were found to contain examples of 
Balanus precisely similar to those described by Dr. H. Woodward 
(Geol. Mag., 1906, p. 310, fig. 2). 

When investigating this new material from Mekran together 
with some specimens submitted to me by the late Mr. E. W. Vredenburg 
of the Geological Survey of India, it became necessary to compare 
the material with the original specimens from Kachh and Sind 
described by J. de C. Sowerby (1840), and by d’Archiac and Haime 
(1864), as BcAams stMesvis, with the result that it showed the 
necessity for some revision of the nomenclature. 

Since the Geological Department of the British Museum possesses 
in addition to the above important material from India, the series 
of Balanus from Karachi mentioned by Darwin (1865, p. 6), the 
specimens from Burma recorded by L. V. Dalton (1908) as Balanus 
tiiUmndf»dum, and some specimens from Java named by Prof. 
K. Martin as B. tinfimabulum, it would seem a fitting opportunity 
for a revision of the whole of this material. 
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Indeed no piogie^'t- could be made with tbe Indian Bolaui until 
this early desciibed mateiial had been le-'^tudied, lor the various 
authors have j*aid no attention to the stiuctiiie ot the shell-walls, 
and the operculai valve^. tthieh aie ^o e'^seiitial for the correct 
deteriidnatirn ♦ f -pecie«. Lave so fai been entiiely wanting. 

Fa^ *ily : BALAXIDJE Gray. 

BALAXIX-E Ddwln. 

Geiiu«: Balanus E. il. da Costa. 

Compaifnient- six. and excei)t tor the caiina. usually having 
radii: sheath distinctly differentiated from the rest of the inner wall. 
S:utum and tergum inteilockedL 

Genotype : Balaxus balaxus (Linnaeus). 

Sub-genus: MrrTABALAXcs Hock. 

BfihiU having the pariete^. basis and radii permeated by pores. 

Sub-genotype: Balaxus TixnxxABULUM (Linnseus). 

BALicxrs (Heoabalaxus) javakicts sp. nov. 

(Plate 18, tigs. 1—S.) 
Ib79-S0. Bahi/tni> iintinmlulum Linnseub; J. K. L. Maitin, Die Tertiaiscluchten 

dui JaTd, p. 131, pi. xxiii, tgs. 3, 3a. 4,4a. 
ISTO-feO. Bttfanu^ ai>}phiiiite Dam in : J. K. L. ^fartni, Jhid. p. 132, pi. figs, 

9. 

lbS3. Balauus itHiinhabuJum Linnsub: J. K. L. ]ilartm, Palaeontologisclie Digeb- 
niqse von TiefboLnmgen anf JaTa : Srwtpl gtfil. Biichi-Mus, Leiden, ser. 
i, Bd« iii. Hit. i, p. 40, pi. iii, fg. 36. 

Diagnosis,—Scutum smooth with the growth-ridges not at all 
raised and not forming prominent teeth on the occludent Tnargin, 
basal margin about ttro-thirds the height. Septa of radii denti¬ 
culated almost wholly on the lower side only. Tergum with a 
closed longitudinal furrow. 

DiUr^tUioh.—illiocene (Aquitaniau): Java. 
ffolotypc.—The shell figured PI. IS, fig. 1, In. 20239.1 

‘ Tai* and '.imilM numttew aie those under which the ‘.peoimen is registered in the 
ooueetiona n{ the British Mnneum. 
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DP'^CfiptiotK—Shell rather small, cylindrical, apparently varying 
between 16-18 mm. in height, walls folded but not resrulaily ribbeJ, 
pariete^ narrow. Radii wide with level summits, and their lateral 
edge's a'A well as the opposed sutural edges coarsely .^eptate; the 
••epta are rather short and denticulated almost wholly on the lower 
side only (PL lb, figs. 2a, 3) and in a polished section the denticles 
are ^^een to reach the inner margin and to form small pores or 
openings near the inner lamina (PI. 18, fig. 3); the horizontal pores 
of the radii (PI. 18, fig. 2a) are small but readily seen. Basis (PL 18, 
fig. 8) with a distinct underlying cellular layer. Inner surface of 
parietes distinctly ribbed, about 14 ribs in one rostrum and 16 in 
another, and the ribs near the base stand out and are denticulated 
on both sides: parietal pores somewhat rounded, with occasional 
lamellfie sometimes extending to the inner lamina to form additional 
rits which are denticulated, but in other cases the lamellse do not 
extend quite to the inner lamina. 

Scutum (PI. 18, figs. 4a, b) somewhat elongate with the basal 
margin rather short, surface smooth, with narrowly spaced growth- 
ridges which do not form prominent teeth along the almost straight 
occludent margin; there is no trace of longitudinal strise. Only a 
narrow portion of the valve along the tergal margin is deflected. 
The articular ridge is high and prominent and apparently reflexed, 
for the valve is worn; there does not appear to be any distinct 
adductor ridge, but the adductor muscle pit is deep. 

Tergum (PL 18, figs. 5, 6, 7) with the longitudinal furrow almost 
entirely closed, the basal margin varjdng from ahnost straight to 
steeply sloping towards the spur, and the basi-carinal angle vari¬ 
ously rounded. Spur short, standing well away from the level of 
the rest of the inner surface, with bluntly rounded, almost truncated 
extremity, and situated about its own length from the basi-scutal 
angle. Articular ridge well-developed, and the articular furrow 
deep. Inner surface smooth to slightly roughened and without 
erests for the depressor muscle- 

RenmTcs and comparison mih dher species.—Prof. Martin (1879-80, 
figs. 3, 4} first described this small barnacle as Balanus tintinn<Mhm 
and he figured (fig. 3) a shell having a height of 18*6 mm., and a width 
of 15*1 mm., together with a detached scutum (fig. 4). It is doubtful 
whether the group of larger shells figured by him later (1888, fig, 36) 
belong to the same form, but the rostrum figured by him (1879-80, 
figs. 8, 9) as Balanus amphitrUe would seem to belong here. In the 
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Geological Department of the British Museum were two pieces of 
shelly marl from Java containing the remains of a species of Balanus 
received in exchange from Prof. Martin and named by him as Batanus 
tinlinnabulum. From one of these pieces T was able to develop a 
complete, small, but apparently fully-grown shell, having a height of 
15‘8 mm. and a width of lO’S mm. (PI. 1&, fig. 1) and from both pieces 
I was able to extract altogether some thirteen portions of the shell 
and opercular valves including those figured. PI. IS, figs. 1-8. These 
specimens, which are now registered. In. 20239—In. 20251. are 
evidently conspecinc with those described by Prof. Martin (1879-80) 
c.' B. finiinnabiilun'. The structure of the septa of the radii of these 
barnacles is quite unlike that seen in B. tiutimahuh »/. for in that 
species the septa are straight, long, and regularly denticulated on 
both sides, and although the tergum is of the type seen in B. tintin- 
rahulim and its varieties, the scutum is quite different, and conse¬ 
quently we are not justified in referring the present barnacles to 
that species, or to consider it as a variety, although it is clearly a 
related form. A closer relationship, however, is shown with a 
small recent barnacle desciibed by Pilsbry (1916, p. 72 (fig. 12), 
PI. xii. figs. 3-Sg' as Balanus rdgicda from South African waters. 
That species agree® with the present form in having more simple 
radial septa than in B. tliiti)n.ohvh<h'. for they are denticulated on 
the lower side only, but the denticles in B. algkola do not appear tc 
be so ntunerous or so irregular. Dr. Pilsbry did not notice in his 
very numerous spedmens of B. algicola an underlying cellular layer 
to the basis, although this is the case in B. jacanicvs. The main 
difference lies in the opercular valves, for in B. algicola the scutum 
is very broad, the growth-ridges ate wide apart and prominent, and 
form teeth along the occludent edge, and a broad shallow depression 
extends doun the middle of the valve. The tergum has a more or 
less open longitudinal furrow, and the basi-carinal angle is much les- 
rounded, but in other respects the valve appears to be very similar. 

This form and B. algicola may represent varieties of a more 
widely distributed species, but until further forms are discovered, 
I think it advisable to give specific rank to this fossil from Java. 

Sub-genus: C^iboxa Gray. 

Balani with thin solid walls, and calcareous basis, with or without 
pores; orifice toothed; radii narrow or wide, with thin, smooth, or 
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sometimes weakly, and rarely stron^y crenated, sutural edges. 
Scuta without crests for the depressor muscles. Tergum with the 
spur moderately long, not tapering. 

Sub-genotype : Baiaxus hameri Ascanius. 

Balanu'5 (Chirona) scbljevis J. de C. Sowerby. 

(PI. 18, figs. 9-14; PI. 19, fig. 1.) 

1840, svlloscU J. de C. Soviorby, Appendix lo Capt. Grant's ‘ilemoir to 
illustrate a Geological ^Jiap of Cutch’: Tfcri s. OeoL See., London, ihid 
fcer. vol. V, p. 327, jd, ssr, fig. 3 (and Expl. to plate). 

1854. non Balanub svhlasvh J. de C. botierby: d’Arcbiac and Haime, Anim. Foss. 
d’Inde, 341. pi. sxiv, figt. 15, li^ (—2?. Udicub bp, nov.) 

1854. Balanus amaryllis Darwin, Bay Soe. 3Ih ryr. Sub-class Cirripedia, Balanidae, 
p. 279, pi. vii, figs. 6a-c. 

1854. Bdlanits suhlaiU J. de C. Soweiby : Darwm, Ibid, p. 493. 

1S79-S0. Balanus amaryllis Darwin: J. K. L. Martin, Die Tertiaisobichten auf Java^ 
p. 131, XjL xxiii. figs, o, 5a, 0. 

iSSl. Balanu^ amarylhb Darwin : J. K. L. Ma^in, On a post-tertiaiy fauna from the 
fcitreani-Tin-Deposits of Bhtong (Biiiton): Xotes Le%den Museum, vol. iii, 
p. 19. 

1881. Balanus amaryUis Darwin: J. L. Martin, Jungtertiseie Abli^erungen im| 
Padangsehen Hochlande auf Sumatra: Snmmh geoh Beiehs-Mus. Zeideut 
ser. i, Bd. i, p. 85, pi. iv, fig. 1 

1905. Balanus iiniinnahidum, var. eoccopotna Darwin :H. TToodwaid^ Geo/- 3Iag» 
dec, T, Tol. ii, p. 310, fig. H 

Diagnosis.—^Radii usually narrow, with their oblique summits 
smooth and rounded, and the sutural edges crenated below; basis 
porous. Scutum distiuctly stxiated longitudinally and with a dis¬ 
tinct adductor ridge. Tergum with a longitudinal furrow, the spur 
narrow, and slight traces of longitudinal strke. 

Disfribution.—(Recent) Mouth of Indus; East Indian Aichi- 
pdago; Philippine Archipelago; Morexon Bay, and north-east coast 
of Australia; Torres Strait; near Hiogo Harbour and Kobe, Japan. 

(Fossil) Miocene (Aquitanian): Soomrow, Xachh, and d’Hala 
Range, Sind ^; Java. Miocene (Toitonian): In nodules on beach 
ofE Oimara Headland, facing the Mekran or Baluchistan Coast, 130 
miles W. of Karachi; in sandstone at Pohr Sunt, near the headland 
of Pohr Sunt, about 80 miles west-north-west of Karachi. Newer 
Tertiary: Padang highlands of Sumatra. Post-Tertiary: Stream- 

1 In all old m'bps of Sind the KhiTthar and some othex ranges of hills were united 
nndei the name of the Etala Range, though no such name is xecogoised in the provinee. 
See, W. T. Blanford, On the Geology 3 Sind,'* Bsc, Qedl, Surv, 2nd,, Vol. IX, p. 8. 
(1876). 
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tin deposits. IsUnd of Billiton, off E. coast of Sumatra. Upper 

Pliocene; I. of Karrak. Persian Gulf. 

J. de 0. Sowerby (1840) founded the species Balanus subltevis 
on a group of three broken shells, without opercular valves, collected 

by Capt. Grant at Soomrow, Eachli; Darwin (1834, p. 493) said 

of Sowerby's figure and dcbcription Plate extremely imperfect; 

description extremely short and useless; a species from India not 

to be recognised.'’ While it is true that the figure and description 

would not enable one to determine the species, an examination of 

the holotype (In. 20*211) leaves no doubt in my mind that it is speci¬ 

fically identical \rith the recent and well-knouTi species Balanus 
atnartjllti Darwin. The wall> of the holotype are solid, the basis 

poroa«i, the radii arc rather narrow and peculiarly rounded and 

inturned, a feature so characteristic of B. mhanjllis. and the sutural 

edge& are very finely crenated. We will therefore in future have to 

use the name 5. snUacis J. de C. Sowerby. 

While the 'specimens from the Yellow Limestone of the d’Hala 

Range, Sind, figured by d’Archiac and Haime (1854) as B. suhlcevis 
do not belong to that species, there is a small group of Buluhi 
with them, leaibtered In. 20219. wl-ich no doubt referable to 

B. VO that the specie^ ccciu.v n Sind. The late ilx. Yreden- 

burg Wiiv ot the opinion that the * from Sind and Kachh 

are of Apritauian ace. 

From the nodnles from the Jleloran cua&t. Dr. H. Wooclw'aid 

(1903, p. 310, iiif. 2) described two gioup.v of Bt^hu i (registered 

I. 11991, I. 14992) BalaKUS tiuiihi nhahntt. vai. toccopcma Darwin, 

the huger uroup (I. 11991) being figured. It wa^ impossible to see 

any trace of po^e^ in the i)arietes and radii of these specimens as 

there should be if thespecie^ were B. tiiitinhuhitliniu and consequently 

it was very doubtful whetht-r they belonged to that species or even 

to the same sub-genus, and it seemed more likely from the characters 

shown that they were really examples of B. sublrevts. 
The new specimens obtained from the Mekran nodules presented 

by Mr. F. W. Townsend are registeied I. 15124-1. 15132, In. 20235, 

Advantage was taken of the fact that some of the specimens were 

broken, to search for the opercular valves, and I was successful in 

finding several examples of the tergum. Several scuta were obtained 

later by clearing away the matrix with a needle, and by the same 

method it was possible to extract from a badly crushed nodule a 

well preserved rostrum with part 2I the basis (1. 16130; FL 18, figs. 
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10, 11). and a caimo-lateral and lateral compaitment of another 
individual (I. 15131) entirely fiee from matrix. This mateiial &ho\^s 
conclusively that the parietes and radii aie solid and the basis porous, 
and the other characteis show that the species is J5. buhlaiis. 

Two well preserved scuta, tree from matiix, and belonging also 
to jB. sublavis were submitted tome by the late ilr. E. W. Vredenburg. 
These two specimens, however, did not occui in the nodules, but 
were obtained at Pohr Sunt, about 80 miles west-north-west of 
Karachi, in a sandstone regarded by ilr. Vredenbuig as representing 
a slightly higher horizon than the nodular bed of Oimara. Both 
this sandstone and the Ormara nodulai bed wfre considered by 
Ml. Tredenburg to be of Tortonian age 

Three shells (In. 20236-8) of ^ Uppei Pliocene' age from the It^land 
of Karrak, Persian Gulf, in one of which was found a scutum (PL 
18, fig. 14 ; PL 19, fig. 1), undoubtedly belong to B. sublcEtis, although 
the shells are larger and the sculpture of the scutum more prominent 
than in the Mekran form. 

Description,—This species is somewhat variable, but it is charac¬ 
terized by the usually narrow radii with very oblique summits, 
which are smooth and peculiarly rounded and inflected: the sutural 
edges are most finely crenated on their lower portions only; the 
parietes and radii are solid, only the basis (PL 18, fig. 11) having pores, 
and often with an underlying cellular layer. 

Scutum (PL 18, fig. 12, PL 19, fig. 1) plainly striated longitudinally, 
with the rather coarse stiise dividing the piominent growth-lines 
into squarish beads, and the tergal margin is deflected to a variable 
extent. On the inner surface the upper part of the valve is some¬ 
what roughened, the articular ridge is short and rather piominent. 
but not reflexed; the adductor ridge is blunt and slightly prominent, 
varying in position from being almost confluent with the articular 
ridge or well separated from it; there is a deep but variable depres¬ 
sion for the lateral depressor muscle. 

Tergum (PL 18, fig. 13) sometimes with traces of longitudinal 
striae; the longitudinal furrow is deep, with the sides folded in 
and quite closed in full grown specimens; the scutal margin is consi- 
deraUy curved towards the scutum. Spur variable in length but 
usually long and narrow, with the end bluntly pointed and placed 
at rather above its own width from the basi-scutal angle; basal 
margin usually sloping slightly towards the spur, and the crests for 
the depressor muscles feebly developed. 
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Balasl's (Chieona) birmasiccs sp. nov. 

(PL 19, figs. 2-6.) 

1901/BaZa9iws tiniinndbvium Liim.; F. Ncetling, Fauna of the Miocene Beds of 
Bunna : Pal Ind,^ n. s., toI. i, p. 368, pi. ssiv, figs. 1, 2. 

1908. BalamstintinnaJmlum Liun. :L.V.I)alTon,'Notes on the Geology of Bunna *[: 
Q'uarf. Jovrn. OeoL See.. London, vol. Ixiv, p. 633. 

Diagnosis.—Radii ratlier -wide with theii oblique summits and 
jhe whole of their sutural edges coarsely crenated; basis without 
pores. Scutum with the tergal margin not inflected, but forming 
a sharp edge, and the adductor ridge moderately long and prominent. 
Tergum with a few longitudinal ridges on the carinal side, the longi¬ 
tudinal furrow shallow and open, and on the inner surface the carinal 
half is most distinctly roughened. 

Distribution.—Pliocene: I mile W. of Banbyin (Thayetmyo dis¬ 
trict), Lower Burma. 

Holoiype.—The shell figured PI. 19, fig. 2 (1. 15438), from which 
was broken the fragment of the basis (PL 19, fig. 4). 

F. Noetling (1901) figured as Balanus iintinnabulmt two shells 
from the Miocene rocks of Thayetmyo, Lower Burma, and agreeing 
with Prof. K. Martin he was of the opioion that the specimens 
described as B. sublctcis by d’Archiac and Haime (1854) belong 
also to B. tintinnabidum, and he further included the holotype of 
the species B. sublcevis J. de C. Soweiby (1840). It has already 
been shown that Sowerby’s B. sMavis is not B. tintinnabuluhi^ 
and the specimens referred to B. sublavis by d’Archiac and Haime 
are included under the species B. indicus sp, nov. Noetling^s figures 
are not good, but since the present specimens from the same district 
agree with them, it is in the highest degree probable that they all 
belong to the form described here as a new species allied to B, 
sublcevis, namely B. birmanicus- This is based on a number of shells, 
registered I. 15433-42, collected and recorded by L. V. Dalton (1908) 
as B. tintimiabvlum. The shells have the parietes, radii, and basis 
solid, and therefore certainly do not belong to B, tintinnabidumy 
which has porous walls. A fairly good scutum and a mere fragment 
01 a tergum was extracted from one of the crushed shells. 

Descripiiuv.—Shell globulo-cordcal with the orifice rather large and 
the walls smooth, the largest complete shell having a height of 28*2 
mm., and a basal diameter of 23*8 mm. Radii rather wide, flat, not 
very oblique, and the lateral edges and the opposed sutural edges are 
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coarsely crenated along their whole extent; alse not so oblique a<=! 
the radii. On the inner surface the parietal walls are not ribbed 
except near the base, and the sheath hardly at all overhangs except 
at the sides. Basis solid, its outer edge ornamented by strong iibs 
(PL 19, fig. 4). 

Scutum (PI. 19, fig. 5) flat, with a proportionally vide basal margin, 
the giowth-ridges hardly at all prominent, and crossed by veiy 
numerous excessively fine, but distinct, longitudinal lines; the 
occludent margin is not distinctly toothed, and the tergal margin 
not at all deflected. On the inner surface the upper part of the valve 
is roughened by very distinct ridges, the articular ridge stands rather 
high, but is little reflexed, and the adductor ridge is moderately 
long and prominent, and nearer to the occludent than to the tergal 
margin; the pit for the adductor muscle is rather shallow. 

Tergum (PI. 19, fig. 6). This is represented by a mere fragment, 
but it has a few longitudinal lidges on the carinal side and the 
longitudinal furrow is shallow and open. On the inner surface the whole 
of the carinal portion is most distinctly roughened by straight and 
mostly continuous ridges. 

RemarTcs, and comparison with other species,—In some respects, 
such as the poreless basis and characters of the sheath, and the rather 
wide radii, this form is related to Balanus hameri. Taking all the 
characters into consideration, liowever, it would seem to be more neaily 
related to the living B, amaryllis (=B. suhlavis), and to the group of 
recent East Indian species closely related to B, amaryllis, namely 
B. albus, B, bimcp, B, maculatus, and B, tenuis, described by Dr. Hoek 
(1913, The Cirripedia of the Siboga Expedition, Pt. ii (xxxi^Q, 
Cirripedia Sessilia, pp. 182-192, pis. xvi-xviii). 

The shell diflers from B, sublavis in the wider, flatter, and much 
less oblique radii, in the sutural edges of the radii and the opposed 
sutural edges being coarsely crenated, the crenation not being 
confined to the lower portion, and in the poreless basis. The scutum 
has excessively fine and more numerous longitudinal ridges, the 
valve is flatter, the basal margin is proportionally longer, the tergal 
margin is not inflected but meets the inner surface to form a sharp 
edge, and the adductor ridge is situated nearer to the occludent 
margin. The tergum has a more shallow and open longitudinal 
furrow. 

B, tenuis, which agrees in having a solid basis, differs in the more 
oblique and narrower radii, which usually have their sutural edges 
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thin and smooth, but sometimes the lower portion is excessively 
finely crenated, and in the scutum by the inflected tergal margin, 
and among other characters on the inner surface by the absence of 
an adductor ridge. 

Unfortunately in the species B, albus, B, bimce, and B. '^nacvlatus^ 
Hoek did not make known the details of the sutural edges and 
basis, but B, hirmanicus wordd seem to be sufficiently distinguished 
in the wider radii and in the scutum having a moderately long and 
prominent adductor ridge, in the articular ridge standing up high 
and prominent, and in the flat and sharp tergal margin. 

Sub-genus : Balanus E. M. da Costa. 

Balahi in which the parietes but not the radii are porous; basis 
calcareous, either solid or porous. 

Balanus (Balaxus) AiirHiiEiTE Darwin. 

1834. B, ampMfrite Darwin: Bay Sic. JUrmcgr, Sub-class Cirripedia, Balanidas.; 
p, 240, pi, V, figs. 2a-2o. 

1879-80. B, ampTiiffitf Darwin: J. K. L. Martin, Die Tertiaischichtcn auf Java, 
p. 132, pi. xxiii, figs. 7, 7a-c (non figs. 8, 9==jB. jaianicw* sp. nov.) 

1883. J?. amphiiilte Darwin (?): J. K L. Martin, Palceontologishe Ergobnisse von 
Tiefbohrungen auf Java: SamwL geoL Beichs-Mu^, Leiden^ ser. i, Bd. 
iii, Hft. i, p. 40, pi. iii, fig. 37, 

Diagnosis,—Shell usually small, steeply conical or depressed, 
orifice nearly entire or deeply toothed, varying from rhomboidal 
to rounded trigonal. Scutum with a prominent bYoad adductor 
ridge, and the articular ridge prominent and reflexed. 

Distribution,—(Recent) Mouth of the Indus; Philippine Archi¬ 
pelago; Australia. 

(Fossil) Miocene (Aquitanian): Java. Miocene (Tortonian) : 
Sandstones of Pohr Sunt, near the headland of Pohr Sunt, about 
80 miles west-north-west of Karachi. 

With the two scuta of Balanus sublcevis from Pohr Sunt 
Mr. Tredenburg submitted a group of small Balnni attached to an 
example of a Pecfen which he regards as an undescribed species 
closely related to P. iranqueharicus Gmelin. The specimens consist 
of two complete shells with twelve examples of the basis, one of 
which had only the carinal and a lateral compartment, and these 
were removed to study their inner structure; the opercular valves 
are missing. In the characters of the carinal and lateral compart- 



Tart 3.] WiXHERb : Fossil Balaiwmorph Barnacles. 291 

ments, which still plainly exhibit traces of a purplish or purplish- 
brown tint, in the irregular cup-shape of the basis, and in their size, 
these Bala hi agree well with B. amphitrite, var. cirratus Darwin, 
and probably belong to that variety, although in the absence of the 
opercular valves this cannot be positively asserted. 

Balanus (Balanus) indicus sp. nov. 

(PL 19, figs. 7-11.) 

1S54. Balanus suhlcBvis J. de C. Sowerby : d’Archiao and Haime, Anim. Foss. d’Inde, 
p. 341, pi. xxiv, figs. 15,15a. 

Diagnosis.—Shell smooth, weakly folded but not ribbed, varying in 
shape from sub-cylindrical to depressed conic, with an ovate orifice. 
Parietes with deeply sunken radii, and with numerous closely-set 
transverse septa extending from the apex to the base; basis porous 
and with an underlying cellular layer. Scutum thick with feebly 
developed zones of growth and distinctly but finely striated longi¬ 
tudinally. 

Distribution.—Miocene (Aquitanian): d’Hala Range, Sind; 
Karachi, Mouth of Indus, 

Holotype.—The shell figured PI. 19, fig. 7. In. 20233. 
Material.—7 shells from d’Hala Range, Sind, collected by 

Lt. Blagrove (In. 20212-18); 2 shells from Sind, collected by 
Capt. Baker (In. 20220-21); 13 shells from Karachi, comprising 8 
shells collected by Capt, Baker (In. 20222-30), and 4 shells presented 
by Charles Darwin, and presumably collected by Capt. Baker (In. 
20231-34). 

D’Axchiac and Haime (1854, PI. xxiv, figs. 15, 15a) figured two 
shells (In. 20212-3) as Balanus sublccvis J. de C. Sowerby, but since 
the parietal walls in those specimens have longitudinal septa, they 
cannot possibly belong to that species or to the same sub-genus, 
and they agree with the specimens described here. 

Some of the specimens from Karachi (In. 20222-30) are those 
of which Darwin said (1865, Pah Soc. Mmogr. Foss. Baknidse, 
p. 6) I have seen, in the British Museum, specimens said to have 
come from the eocene nummulitic beds, near the mouth of the Indus, 
belonging to that section of the genus, which has the walk and basis 
permeated by pores.*' One of the four specimens presented by 
Darwin (In. 20234) was broken into four pieces, presumably by him 
to show the structure of the walls, and on seeing what I took to be 

n 2 
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opeicular valves in section. I cleaned av^ay the matrix with a needle, 
and in that way found the broken right scutum and a left tergum 
(PL 19, figs. 8, 9) as well as the right tergum and its impression. 
There is also part of a left scutum shown in juxtaposition with the 
left tergum within the cavity of the shell. 

Description,—Shell varying from suh cylindrical to depressed 
conical, one large depressed shell (In. 20222) having a basal diameter 
of about 55 mm., and the cylindrical forms having a basal diameter 
of under half that size. Walls strong and thick with a rather small 
ovate orifice; radii rather deeply and abruptly sunken; carino-lateial 
compartments very narrow, and lateral and rostral compartments 
broad. Surface usually smooth, sometimes weakly folded but not 
regularly ribbed. 

Radii rather narrow, with level or slightly obhque summits 
usually broken, and the lateral edges and opposed sutural edges 
coarsely crenated; aloe with somewhat rounded and oblique summits. 

Sheath rather close to the wall, not overhanging to any extent, 
and below it the parietal walls are either strongly or weakly ribbed 
or smooth. Parietal tubes large and squarish, about 19 in one 
rostrum, divided off by very numerous closely disposed trans¬ 
verse septa (PL 19, fig. 10) into square or oblong cells, which 
in some weathered specimens are open, but in others are filled 
by matrix, the infilling standing out square or oblong excres¬ 
cences. Basis strongly attached to the walls and radially ribbed on 
its inner surface, porous, the pores divided off by transverse septa ; 
ihe basis has usually o thick underlying cellular layer (?1. 19, fig. 11), 
which is much reduced in thickness towards the centres. 

Scutum thick, with narrowly spaced and weakly developed 
growth-ridges, the most conspicuous feature of the ornament being 
the fine but prominent longitudinal ridges, which are not broken 
up by the growth-ridges *, the basi-tergal angle is narrowly rounded, 
and above this angle the margin is thick and inroUed. On the inner 
surface the articular ridge is low and the articular furrow narrow 
and shallow; adductor ridge removed from the articular ridge 
rather short and prominent, situated close to and extending above 
the moderately deep pit for the adductor muscle; there is a very 
deep angular depression for the depressor muscle. 

Tergum flat, with well marked growth-ridges, no trace of longi¬ 
tudinal striae, and with a rather wide ‘ spur-fasciole ’ faintly impress¬ 
ed on the catinal side and moderately impressed on the acutal side 
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the scutal margin only narrowly inflected. Spur close to the basi- 
scutal angle, tapering to a narrow, obliquely truncate extremity. 

RemarTcs and comparison with other species.—This form is evi¬ 
dently closely related to Balanus restrains Hoek, but although it 
agrees with it in several characters of the shell, especially in the 
characteristic closely set transverse septa which extend from the 
apex to the base, it diflIers from it in having a porous basis with a 
thick underlying cellulaj* layer, for in B. rostratus the basis is thin 
and without pores. It difiers further in the ornament of the scutum, 
for the longitudinal ridges are stronger than the growth-ridges, 
while the reverse is the case in B. rostratus, the valve itself is thicker, 
the basi-tergal angle more narrowly rounded, and above the angle 
the tergal margin is thick and inrolled. I can see no evidence that 
the ribs on the inner surface of the parietes are more numerous than 
the longitudinal septa, or any thin lamellse within the margin of the 
outer lamina, but despite this there would seem to be a near and 
possibly direct relationship with B, rostratus. B. balanus (=jB. 

porcatus) is an allied form. 

CONCLUSION, 

Notwithstanding the frequency with which the species Balanus 
tiniinnabulum Linnsous, occurs in the literature of the Indian Tertiary 
Balani dealt with here, in no case can the reference to that species 
be confirmed. It is represented, however, in the present Indian 
Ocean fauna, and the possibility is that it will be found in the Ter- 
tiaries of India and the East Indian Archipelago. 

Balanus subltevis (=5. amaryllis) occurs in the Upper Pliocene 
Beds of Karrak Island, Persian Gulf, in the Aquitanian beds of 
Kachh and Sind, in the nodules of Tortonian age on the beach o£E the 
Ormara Headland, and in beds of approximately the same age at 
Pohr Sunt. At the latter locality it is associated with other Balani 
probably belonging to B. amphilrite, var. mralus^ and it is interesting 
to note that both these forms are now foimd living together at the 
mouth of the Indus, not many miles distant from the localities where 
they are found fossil. The only other records that I can find of B. 
sublcBvis (=S. a)naryllis) occurring fossil are those by J. K. L. Martin, 
who records the species from the Post-Tertiary stream-tin deposits 
of the Island of Billiton, off the east coast of Sumatra, from rooks 
of newer Tertiary age in the Padang highlands of Sumatra, and from 
the Miocene rocks of Java, in which latter B, amphitrUe occurs also 
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The occTirrence of these two species in the Miocene Balano- 
morph fauna certainly gives point to the view held by Dr. E. Noetling, 
the late Mr. E. W. Vredenburg, and others, that the present Indian 
Ocean fauna was directly derived from the Miocene faunas of India, 
Burma, Java, and adjoining Islands. 

On the other hand we have in Balanus javanicus sp. nov. a 
species from Java, closely allied to the recent B, algicola PUsbry, 
of South African waters, and in B. indicus sp. nov., a species occurring 
commonly in the Miocene rocks of Sind, we have a species closely 
related to the living B. rostraius Hoek, a North Pacific form, recorded 
by Pilsbry from the Ocean coast and Inland Sea of Japan, with 
varieties in Bering Sea and Puget Sound. 

The remaining species B, birmanicus sp. nov., which occurs in 
beds of Miocene age near Banbyin (Thayetmyo district), Lower 
Burma, belongs to the group of species allied to B. sublcevis {=B. 
aniaiyUis), 

EXPLANATION OF PLATES. 

PLATE 18. 

Balants (Megabalakus) JAVAisrictrs sp. lov. 

Miocene {Aquitanian) : Java. 

Pm. 1.—Small complete shell. X 2 diam. In. 20239. 

Pig. 2.—Bostrnm. a, inner view ; b, view of base to show septa. In. 20240. 

Fig. 3.—Rostrom. Longitudinal section across ladius and obliquely across parietes 
to show character of septa. In. 20241. 

Fig. 4.—Scutum (right), a, outei vieu ; b, inner view. In. 20242. 

Fig. 5.—Tergum (incomplete left valve), a, outer view; b, inner view. In. 20243. 

Fig. C.—^Tergum (incomplete right valve), a, outer view; b, inner view. In. 20244. 

Fig. 7.—^Tergum (complete left valve). Outer view. In. 20245. 

Fig. 8.—^Basis (part of), to show cellular structure. In. 20246. 

All except fig. 1 x 4 diam. 

Balancs (Cheboka) sDBLjEvis J. de C. Sowerby. 

Miocene (Tortonian): Mekran Coast. 

Fig. 9.^--Sinall complete shell, nat. size. In. 20235. 

Fio. 10.—^Rostrum (inner view), to show fine erenation on lower edge of radii, x 4 
diam. L 15130. 

Pm. 11,—^Baais (edge of), to show porous structure. X 4 diam. L 15130. 

Pm. 12.—-Scutum (right), a, outer view; b, inner view, x 4 diam. 1. 16132. 

Pm. 13.--TeTgum (right). Outer view, x 4 diam. L 16126, 
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Upper Pliocene : I. of Karrak. 

IiG. 14,—Shell (inoomplete). nat. size. In. 20237. 

PLATE 19. 

Balanus (Chirona) subl^vis J. de C. Sowerby. 

Upper Pliocene: I. of Karrak. 

Fig. 1.—Scutum (left), a, outer view ; b, inner view. X 4 dianx. In. 20237. 

Balanus (Chirona) birmanicus sp. nov. 

Miocene : Banbyin (Thayetmyo district), Lower Burma. 

Fig. 2.—Shell, nat. size. I. 13438. 
Fig. 3.—^Rostrum. Inner view to show sheath and coarsely orenated edges of radi . 

X2 (liam. I. 15440. 
Fia. 4.—Basis (edge of), x 4 diam. I. 15438. 
Fig. 6.—Scutum (incomplete right valve), a, outer view; b, inner view, x 4 diam. 

I. 15441. 
Fig. 6.—Tergum (outer view of fragment of right valve), x 4 diam. I. 15442 

Balanus (Balanus) indicus &p. nov. 

Miocene (Aquitanian): Karachi, Mouth of Indus. 

Fig. 7.—Shell (small conical form), nat. size. In. 20233. 
Fig. 8.—Scutum (inoomplete right valve), a, outer view; b, inner view, x 4 diam. 

In. 20234. 
Fig. 9.—^Tergum (incomplete left valve). Outer view. X 4 diam. In, 20234. 
Fig. 10.—Rostrum (part of). To show parietal septa. X 2 diam. In. 20217. 
Fig. 11.—Carina and basis (longitudinal section of). To show structure, especially tha 

cellular basis, x 2 diam. In. 20217. 
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Contributions to the Geology of the Province 

OF Yunnan in Western China. 7. Reconnais¬ 

sance Surveys between Shun-ning Fu, Pu-e’rh 

Fu, Ching-tung T’ing and Ta-li Fu. By J. Coggin 

Brown, O.B.E., D.Sc., F.G.S., M.I.M.E., 
Superintendent, Geological Survey of India. (With 
Plate 20). 

I. SHUN-NINQ FU TO MlEN-NlNQ T’INQ, 

SHUN-NING Fu is the central frontier prefecture of Yunnan south 
of Lat. 25® for it lies between the northern one of Yung-ch'ang 

Fu and the southern one of P'u-erh Fu. Its administrative head¬ 
quarters is a small walled city of the same name* situated in Lat. 
24®35': Long. 99°55', at an elevation of 5.800 feet above the sea 
on the lower slopes of a high range, and only approximately 70 
miles as the crow flies from the nearest point on the Burma frontier 
wheie the latter is crossed by the Salween river. In the bottom 
of the valley there is a fairly level strip of ground, halt a mile in 
width, divided by a small stream known as the Pei-ch'iao Ho, 
a tributary of the Mekong. I have described the geology of the 
country between Shun-ning Fu and Tgng-yiieh in an earlier pa])er 
of this series,^ and I now propose to record my notes made on a 
journey in 1910, from Shun-ning Fu to Ssu-mao T’ing and thence 
to Tali Fu, for as far as I am aware this part of Yunnan has never 
been examined by a geologist before. 

The alluvial deposits of the small Pei-ch'iao Ho stream consist 
of flat bands of clay, bluish shaley clay and an occasional bed 
of fine sand. They must attain a considerable thickness as they 
form clifis 80 or 90 feet high without the basal layers being exposed. 
There is also a great thickness of soil, which aided by the extent 
and height to which terrace cultivation is carried out on the hill 
slopes, effectually covers ah outcrops, so that it would probably 
be necessary to ascend into the hills on either side of the valley for 
some distance before exposures in situ could be obtained. 

1 Contribution No. 6. Bee. Gc L 8 n\ /nrf., Vol. SLVII, pp. 205-266 (1916). 
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Yun Chou lies 24 miles to the south-east of Shun-ning Pu and 
. « ^ route follows the course of the Pei-cF 

Granitic and Meta- • tt j x m-L n ^ , 
morphic rocks between lao Ho downstream. The first stage is at 
Shun-ning Fu and Lao-t’ang 12 miles from Shun-ning. After 
Yun Chou. leaving the city the road crosses the plain 

and is then carried over the river by a fine granite bridge. It re¬ 
crosses again a little further on. This road is paved with blocks 
of light and dark varieties of granite, the former predominating. 
In the small tributary valleys I found boulders of similar rocks. 
The side valleys are as a rule cut deep and have a wide outline. 
Towards To-tien, where the road leaves Sheet No. 23 S.E. and 
enters No. 31 S.W., (North-Eastern Frontier Surveys), the gra¬ 
nite boulders in the tributaries become fewer and are eventually 
replaced by others consisting of gneisses and mica schists. At a 
point IJ miles before reaching Lao-t’ang I found the only outcrop 
seen in this stage. It consisted of white quartz schists with grey 
and greyish-yellow bands, also of greyish-black mica schists con¬ 
taining small lenses of quartz. The strike and dip observations 
are not very reliable but were N.IO*^ W. to NW.-SE. and the dip 
SW. at 5o®. Lao-t’ang ilscll has an elevation of 5,200 feet but the 
road is to all intents and purposes level beyond a few minor ascents 
and descents over the ends ot small spurs running down towards 
the main stream. It keeps on the southern bank high above the 
river except towardwS Lao-t’ang where it comes lower down. The 
Pei-ch’ia Ho, augmented by many tributaries, has here become 
a fair-sized stream. Its actual valley is never more than half a 
mile wide, but the slopes, or rather the lower portions them, 
are so terraced and covered with fields that it appears to be much 
wider. The hills are bare of grass and trees usually and even 
at high levels there is much cultivation. Patches of forest ai*e 
sometimes seen and all the villages are built on the lower slopes. 

Leaving Lao-t’ang the road gradually descends across terraced 
land to the river. Opposite the small village of Pa-pien-kuan 
finely-banded, decomposed, augen-gneisses crop out. Near this 
village the road leaves the river, which now enters a narrow 
gorge with little cultivation at the bottom and bare grassy slopes 
rising steeply up for hundreds ot feet above. The temple of Pa- 
pien-t’zu is built at the top ot a small spur which the road crosses 
and half a mile beyond this point, where the river becomes visible 
again, coarse white gneiss is found in situ. Another half mile 
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further on biotite schists are penetrated by thin quartz veins. Where 
the road begins to meet cultivation again vertical bands of white 
gneiss strike NW.-SE., and similar rocks crop out at intervals 
for the next three miles. Near Shin-tang, where there is said to 
be a hot spring in the river bed, the road is cut into the side of 
a cliff composed of quartz schists. At this place the valley is very 
narrow for a few hundred yards and there is a break in the cul¬ 
tivation of its alluvial deposits, which otherwise continue along 
the whole 24 miles between Shun-ning Fu and Tun Chou. There 
is high level terracing however all along. Tun Chou is suddenly 
entered as the road goes through a narrow pass. It is a poor town 
of about 800 houses surrounded by a low brick wall but is an im¬ 
portant trading centre for various Chinese Shan States, though 
this trade is not large. The plain around the town is not a very 
fertile one and sugar cane is one of the better crops. Tun Chou 
lies on the line of the proposed railway from Lashio to Tali Fu. 
Like Shun-ning Fu it was formerly the capital of a Shan State and 
was taken by the Chinese from the Shans. It is situated at the 
junction of the Pei-ch’iao Ho and the Pan-ch'iao Ho, at an eleva¬ 
tion of 3,800 feet, about 35 miles west of the Mekong. 

Prom the lithological point of view the gneisses and mica schists 
with their bands of intrusive granite, met 

CrystSMne^^Rodss of with in the Shun-ning Fu and Tun Chou 
the Shun-fiiug Fu region, are identical with the crystalline rocks 
and Yun Chou areas. x . i. i? j.- j j. -m. 

of the frontier ranges crossed between Bhamo 
and T&ig-yueh, with those exposed in the heights of the 
Irrawaddy-Salween divide and with the crystalline complex of the 
T'sang Shan range immediately west of Tali Fu. Another feature 
that they have in common is the occurrence of bands of crystal¬ 
line limestone, for although this rock was not met with in situ, 
between Shxm-ning Fu and Yun Chou, owing to lack of good 
exposures, its presence was indicated definitely by rolled pebbles 
in the small tributary streams of the Pei-ch’iao Ho. Again, the 
gneisses, mica schists and intrusive granites of the T'sang Shan 
are in the same line of strike as those of the region under con¬ 
sideration, but until the intervening country in the basin of the* 
Yang-pi river has been explored it is impossible to say whether 
they are actually continuous or not. About 45 miles to the east 
of Yun Chou, across the valley of the Mekong rises the Wu-liao- 
Shan, a range bordering the (^uan Ho valley on the west, which 
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attains a height of 11,500 feet in the vicinity of Ching-tung T'lng. 
I was unable to make a traverse in this direction, but the alti¬ 
tude and general aspect of the range incline me to think that it 
may be composed of crystalline rocks in part. 

Prom Yun Chou I travelled to the south-west down the valley 
„ , . xt- Nan Ting as far as Meng-sa. The 

liang Series between first stage is at T ou-tao-shui, 14| miles from 
Yun Chou and M@ng- Yun Chou, the road crossing the Mekong-Salween 

divide between miles 11 and 12 at an elevation 
of 5,000 feet. 

Crystalline rocks fringe a portion of the southern edge of the 
Yun Chou plain, but the road leaves them near the village 
of Pung-pien and the first exposures of the Kao-liang Series 
are encountered as glistening j)urple slates interbedded with 
bands of coarse white quartzite* The Yun Chou valley con¬ 
tains a thick alluvial terrace of which 110-120 feet are exposed 
without the base being visible. Near the village ot Ch'ang-po- 
ling the track crosses the main stream and continues to 
ascend on the northern bank. Boulders of gneissose and schistose 
rocks predominate in the stream bed and the alluvium here is at 
least 300 feet thick. At first one gets the impression that Ch’ang- 
po-ling is built on a high river terrace, which has a corresponding 
one on the other side of the valley, but as a matter of fact it is 
merely on the original level of the alluvial deposits into which the 
stream is rapidly cutting its way. There are no rocks in situ in 
the stream bed about this point but poor exposures of decomposed 
phyllites and similar rocks make their appearance and are found 
at intervals up to T'ou-tao-shui. 

Prom this village the road continues in a south-westerly direc¬ 
tion down the valley of the Pang-wa Ho passing Pang-wa, the second 
stage at 12 miles, Ping-chuang the third stage at 24 miles and 
reaching MSng-yung, 16| miles further on in the same direction, 
a total distance of 65 miles from Yun CJhou. 

There is a narrow band of alluvium down the valley of the Pang- 
wa but the rocks on either side of it consist of a typical Kao-liang 
suite, phyllites, fine-grained mica schists, cleaved argillites, purple 
and reddish-purple slates, quartzites, hard sandstones and grits 
with rare bands of conglomerate. There is much vegetation and 
exposures are poor. Pour miles from T’ou-tao-shui contorted black 
phyllites strike N. 15® W.—S. 16® E. and dip in a westerly 
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direction at 50°. Tlie metamorpliism of these rocks has been 
extreme, even the thin quartz veins which pierce them are 
crushed and squeezed out into lenticles. The road ascends and 
descends a good deal in this stage though for most of the way it keeps 
high up above the river on the northern bank. Purple dates and 
red sandstones, with conglomerates containing large numbers of 
quartz pebbles, are seen near the point where the road first meets 
the river. Beyond this there are thin bands of gneissose granite 
probably intrusive into the metamorphosed sediments. The river 
has a rapid fall and a strong current and the sides of the tributary 
valleys are very steep and scarred with small land-slips. Villages 
are few and poor and usually built on spurs overlooking the main 
valley, 

Pang-vra has an elevation of 5,400 feet and the next stage com¬ 
mences with an ascent for a mile and then a long descent of 3 miles 
into the MSng-lsi plain, elevation 3,500 feet. Eocks of the same 
series continue all the way down, shining fine-grained phyllites 
of stained yellowish and reddish shades are the usual forms. Thin 
quartz veins were noticed in them here and there. In ohe first 
stream crossed at the bottom there are large blocks of a black and 
white granite which are not in situ. About a mile further on gra¬ 
nite outcrops are again met with, but I could not decide definite¬ 
ly whether they were true exposures or tiansported pieces. They 
rre followed by more phyllites, harder than usual, and interbedded 
with decomposed feLpathic quartzites. There is a broad belt of 
alluvi\im in the valley which is covered with a dense growth of high 
grasses. It continues on towards the south-east of ileng-lai. The 
main stieam is crossed about 2 miles from this place at an elevation 
of 3,450 feet and after that there is a steep ascent for 4 miles to 
Ping-ch'uang, elevation 3.200 feet, similar rocks of the Kao-liang 
Series continuing the whole way. The first mile of the ascent is 
more gradual than the remainder and is along the alluvium of the 
valley until the road leaves the Uam Ting and turns more to the 
south, across a fast-flowing tributary which has thrown out a delta 
and altered the direction of the main stream somewhat. Its bed 
is full of boulders of fine-grained, contorted, greyish-blue mica 
schists. The rest ot the ascent is very steep. 

The next stage leads from Ping-ch’uang to jilSng-yung a distance 
of 16| miles. The track keeps along the top of a ridge for 2 miles, 
which in places is almost knife-edged, with steep falls into deep 
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valleys on both, sides. Unfortunately uDists and rain clouds obs¬ 
cured the view but glimpses of a high snow-covered range towards 
the north, were obtained every now and then. Its peaks seemed 
to be 9,000 or 10,000 feet high. There is now a very steep descent 
for l.J miles down to the Meng-yung Ho, another small tributary 
of the Nan Ting. It is merely a torrent with a broad flood level 
and a bed full of boulders of quartzite and greyish-blue phyllites. 
There is little cultivation in the valley which is clothed with thick 
spear grass rising in places to a height of 20 feet. Outcrops of red 
quartzites with bands of quartz-bearing conglomerates apparently 
dip up stream, but the grass growth was thick enough to prevent 
proper observations. The road now* leaves the valley of the main 
stream and turns to the south-east down a side valley filled with 
alluvium and overgrown with the same thick grass. The hamlet 
of Wan-irien-chuang is passed at 9 miles. Its only importance is 
that it marks the boundary between the Chinese district of Mien- 
ning Ting and the Shan State of Keng-ma, one of the larger Chinese 
Shan States, tire plains of which are inhabited by Shans and the 
hill tracts by Las, LolOwS and Lahus. M@ng-}uing, a small Shan 
town of about 200 houses is 7J miles from Wan-nien-chuang towards 
the south-east. In the river bed below" the towm the alluvium 
is seen to be of great thickness aird to consist of pebble beds and red 
and greenish-white silts with a few" bands of bine clay. 

Exposures are poor between TTan-nien-chuang and Meng-yung, 
contorted, drab-coloured argillites being the prevalent rock. In 
the stream beds pebbles of red and white sandstone, red grit and 
twisted phyllites are common. 

One stage intervenes between MSng-yung, 4,300 feet, and 
M6ng-sa, 4,450 feet, this is at the village of 

Wateau Limestones Na-hce, 13 miles from the former place and 

and 9 I’rom the latter. As one leaves the town 
the hills to the south-west are seen to be of 

limestone. The road crosses the alluvial plain w'hich is about 5 
miles long and from 1 to 3 miles wide, its upper part covered with 
rice fields. Continuing along the side of the same valley for 6 
miles it then descends rapidly to the village of Man-hkii. The 
head of the M§ng-yung valley is sculptured deep into limestone. 
To the north and north-west limestone clifis form scarps on the 
hill sides and about their tops. There are plenty of expostires 
along the road and the typical rock is a grey or greyish-white. 
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brecciated variety very like the Plateau Limestone of the 
Northern Shan States. The only fossils seen were two crinoid 
stems on a detached piece of limestone. Man Hkti is 8 miles from 
MSng-yung and is situated in a small alluvial-iSlled valley clothed 
in the same giant grass. After crossing three small tributaries of 
the Nam Ting the road leaves the valley, turns to the south, and 
ascends rapidly in that direction for 2 miles with the narrow ravine 
of the stream below it on the east. At this point a turn to the 
south-east is taken into a smaller valley which is followed for 2 
miles to the valley in which T’sin-men-k’ou is situated. This vaUey 
is bounded on both sides by very high limestone cliffs, fallen blocks 
from them being scattered over the lower slopes. Soon after leaving 
T’sin-men-k'ou the road suddenly emerges from the hills on to 
the Meng-hsa plateau, appearing from this point as a long expanse 
of dry and level land, covered for the most part with spear grass 
and bounded by rocky limestone escarpments at this, its ^ northern 
end. Naheo lies on the plain about a mile further on, at an 
elevation of 3,100 feet, while Meng-hsa is 9 miles south of it. 

The Meng-hsa plateau, with a general elevation of 4,500 feet 
^ ^ ^ ^ is approximately 15 miles long and 2 to 4 

the M6ng-hsa plateau. Dines wide. It is bounded on both sides by 
limestone ranges, the one on the south being 

the more precipitous of the two. The surface is almost waterless ; 
there is little cultivation and consequently few villages. The only 
irrigated fields are on the terraces cut out by the Nam Hsa and 
its tributaries in their winding courses across the plain. The 
Nam Hsa itself enters from the east above the town, makes a 
bend for a few miles and then turns south into the southern 
boundary range, 3 miles north-east of the town, where it disappears 
under a high limestone cliff. I estimated the height of the plain 
above the river bed near the point where it flows underground 
at 250 feet, and I believe that this is the minimum thickness 
which can be attributed to the alluvial deposits. The limestones 
weather down into a clayey soil and there is no “ Terra Rossa ” 
locally. 

M§ng-hsa is in the jurisdiction of the Keng-ma chief. It is 
a small Shan town containing about 200 houses, surrounded with 
a low mud wall and built on the general level of the plain. To the 
north the high ridge beyond the Nam-ting valley is visible and in 
between these appears to be at least one lower Hmesiontj range. 
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The usual type oF limestone as seen in fallen blocks from the 
scarps, or in the polished pa\ung stones of 

the M^ng^-hsa^egion! tracks, is a light bluish-grey rock, 
often approaching creamy-white in colour and 

rarely of a greenish-white tint. It generally contains patches of a 
darker grey shade. It is always cracked and lined in every direc¬ 
tion. When weathered it assumes a typical and peculiar surface. 
Dissolution takes place along the cracks and lines and proceeds 
deep into the rock, the softer parts are weathered away and those 
able to resist denudation longer stand out, sometimes rounded, 
but oftener of every imaginable shape. A mass of this rock, with 
the peculiar blackish-blue colour which the surface then assumes, 
looks like a heap of ancient clinkers when seen closely. If the 
texture of the original rock is more even-grained and uniform, a 
porous or honey-combed surface is formed and when the individual 
pieces are unusually hard they stand out like pebbles in a 
weathered conglomerate. Selective dissolution extends deep, the 
outer crust may become soft and yellowish, inside this are 
ferruginous patches in the grey and greyish-white mosaic of the 
slightly altered mass. In addition to these, the following rarer 
types were observed :— 

{a) Hard, white, finely crystalline limestone with greyish bands 
and cracks marked in yellow. 

(6) Greyish-white, brecciated and recemented limestone. The 
junctions of the fragments show on the surface and on 
fractures. 

(c) Hard, white, saccharoidal limestone with a glittering fracture. 
This material is entirely recrystallised. 

(d) Dark, greyish-blue limestone with drab brecciation patches 
in irregular outlines and red ferruginous blotches. 

(e) Hard, white and yellow, calcite-filled limestone, weather¬ 
ing with a characteristic warty or nodular structure. 

I returned from MSng-hsa to Wan-nien-chuang and then travelled 
^ a., south-west to Mien-ning Ting, a distance of 23 

rocks of the KaoUang »3ues which was traversed in two stages, halting 
at the village of Ping-yuan-hsiin en route. The 

Mien-ning T'ing. road leaves the Wan-nien-chuang valley at an ele¬ 
vation of 3,800 feet and commences a long ascent 

up a spur to the south-east. Red sandstones, hard red slates, conglo¬ 
merates with small quartz pebbles and reddish-grey grits are seen in 
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weatliered outcrops. The section is not a continuous one OTring 
to the soil cap, but the sandstones greatly predominate. At 5 
miles, elevation 5,450 feet, the strike appears to be N. 15° W.-S. 
15° E. and the dip practically vertical. Neai the village of Wu- 
lu-tsin, 6.600 feet, greyish-green phyllites vith thin quartz veins 
strike Is.W.-S.E. and dip to the N.E. at 40°. The road ascends 
foi half a mile above this village and then reaches the top of the 
ridge about 6,800 feet. Here there are extensive views not only 
of the Wan-nien-chuang and Meng-yung valleys, but also of the 
Nam Ting valley beyond them further north. The country to the 
north-east and south-west is also well displayed; the valleys are 
deep and broad and have a scattered village population. At the 
top of the ridge thick forest growth ceases and there are more open 
spaces covered with grass and bracken. The road continues along 
the top of the lidge to Ping-yuan-hsun at 10 miles, elevation 7.000 
feet above sea level. Scattered outcrops of contorted mica schists 
and of silvery muscovite phyllites are seen at intervals but exposures 
are very poor. In the village itself similar rocks, stained red and 
yellow, with thin, elongated stringers of clear quartz in them are 
interbedded with hard, speckled grey and white quartzites. 

From Ping-yiian-hslin to llien-ning T’ing is a distance of 13 
miles and similar rocks are found to within 6 miles of the city. At 
first there is a rapid descent to a small stream beyond the village, 
round the vaUey of which the road runs, followed by a steep rise 
to 7.400 feet where an escarpment of grey and purple grits, inter¬ 
bedded vith purple slates is found. Another steep descent takes 
place, after which the road winds gently down through open pine 
forests in which rock exposures are very rare. One mile to the north¬ 
west of Sin-chai, coarse felspathic grits crop out and form a well- 
marked band towards the north-west. They are very decomposed 
and the path is worn deeply into them. When broken they are 
found to consist of clear quartz grains about the size of peas, set 
in a matrix of pure white kaolin. The main stream is met with 
opposite the Lolo village of Tang-mai and it contains pebble beds 
of alluvial origin. The stones are up to 4 inches in length; they 
are all water-worn and consist of white quartz, grits and phyllites 
of various lands. I foimd also a few pieces of lignite here which 
probably come from the alluvial deposits. The recent wash of the 
stream contains small boulders of fine-grained quartzites, vein 
quartz, darx phyUites, fine muscovite schists, fine red grits and 
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scarce pieces of biotite granite, possibly from veins intruded into 
the metamorpbic rocks. 

For the next 2} miles the road crosses the alluvium or the soil 
covered slopes immediately above it. Then there is a short and 
steep ascent over a ridge from the top of which the Mien-ning, valley 
is first seen. 

At the top of the ridge a coarse white granite occurs into which 
the road is deeply worn. The surrounding 
country is made up of this soft decomposed 
granite dissected to an unusual degree both 

by the water courses and by general denudation. The stream down 
which the road descends to the plain has a ravine-like character, 
the sides rising 600 or 700 feet but broken in places by tributaries* 
Sometimes the granite becomes porphpitic with felspar crystals 
up to 3 inches in length set in a pink groundmass of smaller crys¬ 
tals and biotite. The road continues down this narrow valley 
until it broadens out into the Mien-ning plain. This has an eleva¬ 
tion of 5,000 feet above sea level and is about 8 miles long and 3 
miles broad at its widest part. The city lies on the western side 
some 3 miles above the southern end of the plain, hfien-ning 
T’ing was originally a Shan State and many of its inhabitants bear 
traces of their Shan descent. It contains about 250 houses but 
there are equally large suburbs outside the walls. 

3. MIEN-NING T’INQ TO WEI-YU AN T’INQ. 

From Mien-ning I walked to Wei-yiian T'ing crossing the 
Mekong at the second stage. After reaching 

Granites between the river the route I followed does not appear 

iheMekons. to Jiare been traversed by a European before. 
Tbe only available map is of the sketchiest 

character and my geological observations cannot as a consequence 
be very accurate, but this is all the more reason why they should 
be given in detail. 

The first stage is reached at CVih-lu-shu, a distance of 9 miles. 
The road leaves the city from the south-east, crosses the plain and 
then commences to ascend a steep spur to the south-east. Near 
the village of Nam-tung-ahan, ^ mile up the ridge, immense round¬ 
ed blocks of granite are strewn about, but the road itself is cut 
deep into the rotten rock, the places once occupied by the por- 
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phyTitic crystak being marked by •white patches of kaolin in the 
reddish groundmass. As the road ascends exposures become poorer. 
At 5 miles, elevation 7,000 feet, an even-grained variety with 
little quartz and abundant biotite is seen. Erom. this point to 
Ch"ih-lu-shu, there are practically no outcrops. The hill-sides 
are bare of trees, but covered vith bracken and scarred with the 
numberless small hollows, to which this type of country gives rise 
under excessive denudation. 

Erom the top of the Mekong-Salween divide at an elevation of 
approximately 8,000 feet, wide views are obtained of low but well- 
individualised ridges which appear to run north and south on the 
eastern side of the Mekong. 

The second stage of 11 miles commences with a level stretch 
of about 2 miles after which the descent to the river begins. At 
8 miles it becomes very steep. Similar granites continue but good 
outcrops of fresn rock are practically non-existent. The preva¬ 
lent material seen in the rounded weathered masses, scattered about 
the hill-sides, and showing through the soil cap, contains large 
clear quartz grains, idiomorphic yellowish fekpars and small shreds 
of biotite. The Mekong river is first observed from an elevation 
of 6.600 feet. It is in a deep gorge, the sides of which are cut by 
tributaries with broad valleys. Tht drainage system extends in 
small branching glens right up to the tops of the boundary ridges. 

The descent continues to Ma-t’ai-ts‘un at 9 miles. Here the 
road is level for a few hundred yards on to a narrow ridge along 
w’hich the track goes. The ridge is only a few feet across in places 
and drops precipitously down into the deep ravines on either side. 
It is formed of soft, rotten rock of a pink colour representing one 
of the later stages of the granite decomposition. After winding 
down this for a mile, the eastern edge of the granite mass is reached 
and a series of ancient metamorphosed sediments met with. 

These are greenish sktes, fine biotite phyllites and blue and 
grey siliceous limestones with bands of white 

Mrtamorpfaos^ sedi- crystalline limestone and marble in places. 

>alley. They axe very contorted and contmue down 
to the village of Chen-pien on the western 

hank of the M^ong. This village has an elevation of 2,800 feet 
and as 11 oniles from Ch'ih.-lu-8hn and 20 mUes from Mien-ning 
T’ing, The rivet is about 240 feet vride at the ferry. At the vrater’s 
edge very metamorphosed slatey limestones crop out, piwoed hy 
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narrow dykes of a basic rock. The limestones weather with sharp 
edges and points, owing to the extreme cleaving they have undergone. 

After crossing the river the road ascends a steep spur to the 
south-east and in the first miles rises 1,500 feet. Half a mile 
above the river there are thick bands of dark crystalline limestone 
very cracked and jointed. They are followed 300 yards further 
on by a decomposed igneous rock, perhaps a flow, of a greyish- 
white colour and containing radiating spherules of a greenish mineral. 
The top of the ridge is reached at miles and for the next 3|- miles 
winds along it, gradually ascending through open pine forest. The 
general direction is south and south-east and there is a thick red 
soil cap. There are deep valleys on either side of the ridge in the 
bottoms of which small streams wind their way down to the Mekong. 
At 3J miles the village of Tsin-chia-chai is passed, and near it, 
on the western slope of the ridge, purple slates and soft yellowish 
■Sandstones are seen. The top of the ridge is reached by an easy 
ascent at miles, elevation 5,800 feet. On the descent at 6| 
miles felspathic grits crop out in a little stream bed. They 
strike N. 35^ E. and S. 33° W. The general direction keeps to 
the south-east. At miles, elevation 4,500 feet, a small stream 
is crossed. In its valley I found hard conglomerates with pebbles 
of red slate, reddish porphyry, reddish quartz, and quartz in a 
speckled white and red matrix. There are also red and white 
speckled grits; soft, white sandstones with brown bands ; hard, 
greenish quartzites; hard, chocolate-coloured slates and other 
varieties of colomred grits and quartzites, there are also large 
pieces of amygdaloidal andesite in the conglomerates. 

Close to this point the stream is joined by a slightly larger one 
coming from the north-east and up the bed of which the road goes 
for a short distance before ascending steeply to the south-south- 
east for a mile to mile 9J. Erom this point to Mong-pai, at Ilf 
miles and an elevation of 5,050 feet, the road is practically level 
in a south-eastern direction along the side of a pine-clad ridge. 
A few poor exposures of reddish-purple shales were the only rocks 
seen hereabouts. 

The determination of the age of the rocks met with about the 
• Mekong and in this stage presents dificul- 

Age of tte In ^es: after seeing the phyllites near Chen- 

MekenV** ^ ^ pien, I was inclined to classify them with 
the Kao-liang group, but the great develop- 

F 2 
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ment of limestones met later made me modify this opinion. Cal¬ 
careous rocks are not kno^m to occur in tkis group. Tke key to the 
proT>lem perhaps is the presence of the dykes and interbedded 
lavas amongst the limestones, which is a point of resemblance 
with the Devonian and Permo-Caiboniferous succession found 
further north in the same valley. In addition to this we find the 
Upper Permian conglomerateb, which are the lowest beds of the 
Red Beds Series immediately above them. They may perhaps 
represent a Palaeozoic succ..->sion of shales, limestones, interbedded 
flows and dykes highly metamorphosed by the great granitic 
intrusion to the west of them. 

The lowest beds of the Red Beds Series seem to come in three 
«... ^^ , miles to the north-west of ilong-pai. They 

extend for considerable distances and indeed 
form the southern of the great region occupied by these 
rocks, in central Yunr'an. From ilong-pai to Wei-yiian T'ing. 
four stages, and thence t>o beyond [Mong-chu, five stages, no other 
rocks are seen, and the of their red sandstones and 
shales becomes extremely i^unotonou^^ to the traveller crossing 
them. 

From ilong-pai the road Tibcend-. to the south-east for a miL- 
and then slowly descends. At 2x miles the small hamlet of Sha- 
pa-tzu is passed where weathered j>urple shales alternate with sand¬ 
stone ban^ of the same colour. At 3 miles a small stream is crossed 
in the bed of which red shales crop out. Keeping to the south 
the road descends to a big stream at 4| miles; its bed is 150 feet 
across, and in it sandstone pebbles of various light tints and a 
few pieces of porphyry are found. The elevation here is 3,800 
feet. Following up the bed of a small tributary, dark grey sand¬ 
stones and black shales are seen which strike X. 30® E.-S. 30® W. 
and dip easterly at 65®. To the 8th mile, elevation 4,100 feet, 
the direction is south-east, winding through deeply dissected pine 
forest country. At 8 miles, hard, red, nodular shales strike 
X-S. and at 8| miles the road enters a small open valley in which 
the little Shan village of Ton-ch'ia-chai is situated. In the next 
2 miles undulating country with a thick red soil and occasional 
outcrops of sandstone and shale is crossed. At 12 miles there is 
a well-marked X-S. strike on hard, fine-grained, yellowish-white 
sandstone bands standing out in a small, dry streamlet above 
violet, reddish-violet and white weathered shales. On all sides the 
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soil is of an orange red line and hides tjhe continuity of the ex- 
nostnes. Descending to 13 miles and then ascending to 13|, eleva¬ 
tion 4,600 feet, two bands of light green shales crop out and form 
a striking contrast with the red shales by which they are surrounded. 
Following the same spur to its junction with the main ridge, the 
road then ascends this, reaching the top at 14 miles, elevation 
"),100 feet. From this point the Ong-kong valley is first seen. 
There is now a steep descent of miles, reaching the village of 
Ong-kong at 16| miles, elevation 4,200 feet. On the descent there 
are outcrops of various coloured shales, purple, reddish-purple, 
lavender, violet, red, and pink, with more bands of green, green¬ 
ish-white and white tints. The shales are uniformly soft and 
weather into small fragments. It is impossible to work out any 
continuous sequence owing to the rapid changes of colour. A few 
sandstone bands stand out as ribs amid the bright Indian red soil. 

The next stage is from Ong-kong to Chu-ho, a distance of 
9 miles. Eocks of the same series continue the Whole way. In 
the stream bed beyond the village, massive bands of reddish sand¬ 
stone, 4 or 5 feet thick appear to dip gently up stream. For the 
first 2 miles there is a gradual ascent followed by a descent of 1 
mile to Liang-yen-tsun. At 3| miles hard, fine-grained, greyish- 
white sandstones strike N.E.-S.W. and dip S.E. at 32°. Ascending 
to the east, excellent exposures of reddish-purple shales strike N. 
30° E.-S. 30° W. and dip in an easterly direction at 6 miles. The 
road follows the same valley as far as Chu-ho, 9 miles, elevation 
4,800 feet. A few sandstone exposures were seen at intervals. 

The next stage is from- Chu-ho to Ta-hai, 7^ miles. Good 
outcrops of shales cross the stream at mile, striking N.E. and 
dipping high to the S.E. At 3 miles the village of Tsin-tsun is 
passed, around which typical red sandstones with the same pre¬ 
vailing strike are seen. The road now ascends slowly towards the 
east-south-east. Fine-grained, reddish sandstones with well-developed 
joint planes strike N-S, and dip W. at 45°, at 6 miles, a height 
of 5,200 feet being reached at 6^ miles on the top of the ridge* 
Ta-hai lies a little lower at miles. From Ta-hai to Wei-yuan 
T’ing is a distance of 10 miles. At the end of the small Ta-hai plain 
there are exposures of bleached shales and weathered sandstones. 
Massive sandstones crop out at miles in large rounded masses. 
At mile 4, an elevation of 5,300 feet is attained, and from this 
point the range which bounds the eastern side of the Wei-yiian valley 
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is visible fox tbe first time. This range forms the divide between 
the Mekong and the Pa-pien Ho, the Black River of Tongking. 
At 4^ miles the plain, with the river running through it, comes 
into view, and there is then a rapid descent to mile 8 where the low 
foot-hills on the west of the valley are seen. At this point the 
road comes down to the level of the stream, the valley of which 
it has previously followed at a higher elevation. Two miles more 
of level road separate this point from Wei-yiian T’ing. 

3. WEI-YUAN riNQ TO PU-E’RH FU. 

Wei-yuan T'ing is a small walled city situated at an elevation 
of 3,130 feet on a plain 12 miles long and 3 miles broad, in the 
valley of the Wei-yiian Chiang. It is a place of little importance 
as it does not lie near any of the main trade routes. Like most 
of the other cities in the far west of Yunnan it was formerly the 
capital of a Shan State named Mong Wan and it was doubtless a 
military outpost originally, estabh&hed at the time the Chinese 
attempted to absorb the frontier tribes. Here, as elsewhere, 
these movements were eventually stopped by the pestilential cli¬ 
mate of the Mekong and Salween valleys. Wei-yiian T'ing is 
still largely Shan because that race appears to be more immune to 
malaria and its effects than the Western Chinese. Any slight 
importance which the region possesses is due to its salt produc¬ 
tion from horizons in the Red Beds Series. 

The rocks of the Red Beds Series continue south for some dis¬ 
tance down the valley of the Wei-yiian Chiang 

wee^ Wei-jraanindicates, they are replaced 
and MoKg-c^. by ^strata higher up in the Mesozoic succes¬ 

sion, but they come to the surface again 
around S'sii-mao T’ing. ily route from Wei-yiian T'ing led first 
in a south-westerly direction to Meng Pan, thence east back to 
the river which I recrossed and continued south-east to S’su-mao 
T'ing and Pu-e'rh Pu. 

Hsian-yen-ching, the first stage is 10 miles south-south-west 
of Wei-yiian T'ing. The road traverses the level plain for most 
of the way, then rises gently at its end and drops steeply into Hsian- 
yen-ching, elevation 3,600 feet. The only rock esposures seen were 
in the last mile and consisted of pinkish sandstones striking a few 
d^ees west of north. In the stream bed near the village soft 
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reddish sandstones with false bedding and well-marked jointing 
strike N-S. The rolled boulders and pebbles give a good indica¬ 
tion of the various kinds of local rocks of the series. There were 
soft, light-red sandstones, rough to the touch; hard, reddish- 
black, fine-grained sandstones with small inclusions of dense red 
clay; hard, reddish marls showing dark ochreous stains; light 
red and yellowish banded sandstones; hard white sandstones, 
composed of a closely fitting mosaic of tiny quartz grains; rough 
bluish-grey, fine-grained sandstones often with gritty bands con¬ 
taining rounded pieces of dull quartz and clouded yellowish fels¬ 
par about the size of peas. 

The village has two productive salt mines and two underground 
brine wells of the usual type. 

The next stage is at Ho-ti-tang, a small village 12 miles 
to the south-south-west of Hsiang-yen-ching. The road ascends 
steeply out of the first valley and then descends into another one 
at 6 miles. Both streams are tributaries of the Wei-yiian Chiang. 
The second stream is crossed and recrossed many times. Numerous 
exposures of red shales and sandstones are seen, the former weather¬ 
ing down into irregular fragments. The region is very dissected 
by small tributary streams and there is much vegetation. At 8 
miles thin bands of oolitic limestone are interbedded in the red 
shales. The exposed surfaces of the bands simulate an organic 
structure but tlfis is due to the weathering out of the oolites as no 
trace of fossils was found. The road now leaves the valley and 
still keeping south-south-west rises to 5,400 feet at 9 miles, followed 
by a steep descent to 11 miles and then winds along into Ho-ti- 
tang which has an elevation of 4,300 feet. In the stream below 
the village, a series of rooks strikes N.-S. and dips at 45°—^60° 
W, The rocks are hard, fine-grained red and bluish-white sand¬ 
stones, with quartz infiltrations, alternating with the usual type 
of irregularly breaking, soft, red, marly shales. Ho-ti-tang, or as 
it is also !taown I-shang-ching, has two salt mines which were 
opened about 1899. 

Leaving Ho-ti-tang, the road continues at the same level to 
mile 4, where the valley turns west and the road ascends steeply 
up the southern boundary range in a south-westerly direction. 
Kne-grained red and reddish-purple sandstones, occasionally with 
narrow bands of a lighter colour and with dark, soft, reddish- 
purple shales crop out in places along the bed of the river. At 
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5 miles there is a steep and winding descent to the west and at 
C| miles red sandstones appeer in the rocky bed o£ a torrent, which 
the track follows to 7| miles when it leaves it and rises steeply to 
the west, reaching the summit at 8 miles, elevation 3,650 feet. 
A steep descent of half a mile brings one to the Wei-yiian Chiang 
and the ferry is another half mile up stream at 9 miles. The river 
is here in a smooth reach with rapids further down, the bed is 
about 130 yards across and red. ferruginous sandstones crop out 
on both banks. Opposite the ferry a small tributary enters from 
the south-west and the track continues up this to 10^ miles which 
brings it to the camping ground at Man La. 

From Man La the track proceeds in a general south-south-west¬ 
erly direction. In a small stream below the village grey sand¬ 
stones with yellow stains and dark, olive-green shales strike N. 
15° E.-S. 15° W. and dip towards the W. at 45°. At 4 miles, 
the stream which the road has followed to this point, meets a tri¬ 
butary from the south-east and the track ascends the steep spur 
between them. Bands of dark grey and mottled blue, earthy 
limestone axe found on this ascent, striking N. 25° W.-S. 25° 
E. and dipping at 40°-35° towards the N.E. The weathered sur¬ 
faces of this rock are very rough and crossed by cracks in all direc¬ 
tions, giving it a fragmental appearance. It was impossible to 
decide whether the limestone bands belong to the Red Beds Series 
itself, and it is possible that they may represent an outlying patch 
of the yoimger Mesozoic rocks which are known to occur a short 
distance further to the south. At 7 miles the top of a minor spur 
is reached, but the road still continues to ascend through the hamlet 
of Hsiao-tou-shu. A series of hard, greyish-yellow sandstones 
follows the limestones. The road novr turns to the south and 
after a very steep ascent reaches the bUinmit at 10 miles, eleva¬ 
tion 6,100 feet. A descent for 2 miles towards the south-south¬ 
west brings one to the nest stage of Sha-sung-ling at 12 miles, 
elevation 5,600 feet, and on the way down hard reddish sandstones 
and red shales crop out. 

A march of 11| miles from this village in a general westerly 
direction brings the road to the edge of the small cultivated plain 
of M§ng Pan, one of the smaller Southern Shan States of Yunnan. 
There is a continual slight change of elevation, the road winding 
along or over low pine-clad ridges in which rock exposures are poor 
and scattered, consibting usually of jjurple or red shales, weathered 
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J.OT7n into small £i‘agnients, and scarce bands o£ harder sandstone. 
A: lOJ miles these rocks strike N. 15° E.-S. 15° W. and dip to'frards 
the E. at 43°. They are followed by grey and yellow nodular 
marls. 

Viewed from a distance the Meng Pan valley appears as a small, 
3at i)lain about 4 miles long and 4 miles broad, under cultivation 
and set amongst the low, forest-clad and rounded hills of the Red 
Beds Series from which long spurs run down into the plain. To 
the north and north-west the trans-Mekong mountain ranges are 
visible rising to much greater heights, with more serrated contours 
and undoubtedly belonging to a different geological group. To 
the north-west of M§ng Pan there is a wide and low gap in its boun¬ 
dary range, which is higher towards the south and it is through 
this that the distant mountains are seen to best advantage. 

From MSng Pan, I made my way to S’su-mao in six stages, 
halting at Meng-chu, P’ing-chang, Ta-huang-ti, Na-hsai and Na¬ 
irn. At the south of the plain, the track turns up a low ridge to¬ 
wards the south for 2 miles and then ascends gradually to the south¬ 
east to 3 miles, whence it descends into the small valley of the 
Chiang-hsi-ho and keeps to the east-south-east up a small tributary. 
On the ascent soft, reddish-white sandstones were noted and in the 
valley red shales and marls. The road now leaves the valley and 
ascends to 4,700 feet at 6 miles whence it winds into MSng-chu, 
at 8 miles, elevation 4,500 feet. The strike of the rocks seen in 
this march varies from 10° to 25° east of north and the dip from 55° 
to 60° in an easterly direction. The occurrence of red shales one 
mile to the west-north-west of Meng-chu, identical in lithological 
appearance with those seen near the Chiang-hsi-ho seems to indicate 
the presence of a low fold between the two localities, but, rmfor- 
tunately, I could not stay to confirm this. 

Four miles beyond Meng-chu travelling in an easterly direction 
and crossing several small tributaries of the 

reddish-grey sandstones 
yuan Chiang valley. " well-marked laminae, interbedded with thin 

bands of light, greyish-green shales, strike N. 
10° E.-S. 10° W. and dip towards the east at 35°. At 7 miles 
there is a very steep descent to a stream lying in a deep ravine 
and here earthy, reddish shales with thinner bands of soft, reddish 
sandstones strike N.-S. and dip W. at 43°, in excdlent exposures 
on the steep hiU side. The regular dip of the beds forms a 
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noticeable feature of the hills on the other side of the Wei-yiian. 
Chiang. The shales weather into small, irregular fragments and on 
fresh surfaces are seen to be cracked and broken m all directions. 
On the ascent again, thin bands of dark, bluish-blaek limestone 
crop out, parts of which are shaley and split easily, while others 
are more massive and lighter in colour, containing calcite bands 
and possessing a bituminous smeU when broken. The whole occur¬ 
rence is not 50 feet thick and the limestones appear to strike in 
the general direction, i.e., N.-S. They are followed at once by 
greenish marls, reddish shales and soft sandstone bands. On 
both sides of the village of Chiang-liang-tzu, miles, I saw 
thin limestone bands but the prevailing rocks are dirty red shales 
and soft reddish sandstones. They weather characteristically and 
build hill sides with but little soil covered with thin grass and a 
few scattered pines. The ascent continues to the top of the ridge 
at 12 miles, elevation 4,800 feet, and then the road winds along 
the crest to Ping-chang at 13 miles, elevation 4,600 feet. Just 
after passing Huang-ho-chai I foimd a limestone scarp some 60 or 
70 feet thick cropping out across the road. The junction of the 
underlying rocks and this limestone band is hidden by grass and soil 
but close by I discovered a small outcrop, doubtfully in sitxiy of 
a conglomerate which had a red, clay-stone matrix and contained 
rolled limestone pebbles, from the size of an egg to that of a man's 
head, and numerous smaller ones hke big beans. The lower lime¬ 
stone layers are hard, massive and white in colour, breaking vith 
a sharp, even fracture. A careful search revealed no fossils. The 
upper layers are not so thick and are darker coloured with spots and 
bands of hard argillaceous inclusions. They break with an irregular 
fracture. I found small crinoid stems and one small gastropod 
in them. (Xo. 69b.) Directly above the limestones come dark 
greenish calcareous shales, from which I obtained a few badly 
preserved fossils (Xo. 70b). These shales are followed by light 
yellowish marls and shales. From this point to P'ing-chang the 
road sections are hidden. 

From P'ing-chang there is a short ascent to 5,000 feet and thence 
a winding descent through Pe-yin-shan at 3 miles to the Wei-yiian- 
Chiang at 6| miles, elevation 2,500 feet. Xear the ferry is the Puman 
village of Pe-te. After crossing, the track keeps to the south¬ 
east ascending to Kun-yang-chai where there is a slight descent, 
followed by a rise through a small valley t>o Ta-huang-ti at 11 miles. 
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Near P’ing-cliaiig dark calcareous shales with suhordiuate lime¬ 
stone bands strike N. 10° W.-S. 10 E. and dip E. at 45°. The 
crests of the ridges to the east and south of the village form great 
limestone scarps. The rock itself is bluish-white in colour, with 
irregular, calcite-filled cracks and contains crinoid stems and sections 
of small shells. As far as Pe-yin-shan, hard greyish-green shaleb 
and shaley limestones alternate with thin layers of limestone in 
plates of uneven thickness. The shales are hard when fresh but 
weather down into soft, yellowish marls in which I found a few 
small lameUibranchs near Pe-yin-shan. Below this village thin beds 
of darker limestone occur. These contain small shells which recall 
Peoten, sp, (ITo. 73b). At this point the deeply cut valley of 
the Wei-yiian Chiang lies at one's feet. On the opposite side 
towards the north-north-east, a regular series of well-marked, long, 
dip-slopes can be traced with their corresponding steep escarp¬ 
ments, the latter doubtless due to the hard limestone bands and the 
former to the softer shales which come between them. To the 
north-east there are numerous long ranges stretching one behind 
the other across the unexplored jjatch of country through which 
the Mong-nai Ho flows. Beyond Pe-jun-shan, the road winds 
steeply down to Pe-te. At first, on the top of the descent more 
massive limestones of a dark blue colour crop out and the hillside 
is littered with fragments from them. From one exposure a few 
fossils were obtained (No. 74b). Lower down and occupying the 
greater part of the hill is a series of limestones and shales. The former 
take the shape of lenticular or nodular masses or bands, either of 
a yellow, dolomitic variety, or of an earthy grey or blue appear¬ 
ance. The bands are thin and pass gradually into the shales which 
are yellowish, greenish and buff in colour, with no well-marked 
lamination and a very irregular fracture. Thick layers of clear 
calcite crystals are common in the limestone bands. Crinoid stems 
are frequent (No. 75b) and I also noticed sections of small lamelli- 
branchs and httle turreted gastropods. From the upper part 
of this series I obtained the head of a crinoid which in general ap¬ 
pearance resembles Encrinus lilliformis (No. 75b).^ Another type 
of the limestone has a broken or rubbly appearance of a pale, greyish 
blue colour, in rounded pieces loosely held together but compact 
ej^ough individually. 

^ This determinatioa has been confirmed recently by Dr. F. R. Cowper Reed and 
thus proves the Musohelkalk age of these beds. 
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In the river “bed at Pe-te nodular, greenish-grey shales are 
bent into low folds while pebbles of limestone and small rounded 
pieces of reddish sandstones form the burden carried by the river. 
Looking up stream the view is shut in by spurs, but down stream, 
to the south-west, there is a high limestone escarpment with an 
almost horizontal sky line. The higher parts of this are very pre¬ 
cipitous. rVom the river to Ta-huang-ti the road traverses jungle 
and long thick grass, but greenish shales were seen in the beds of 
the small tributaries and there are occasional small exposures of 
limestone of the type already described. 

From Ta-huang-ti the road runs for 12 miles to the south-east 
high up along the southern slope of a deep valley. Good exposures 
of dark greyish-blue limestones crop out in j)latey bands but a 
careful search only revealed large crinoid stems and one small 
broken lamellibranch (76b). Towards Ch^ou-shui and Ping-chang 
(2| miles) hard calcareous shales of the same colour as the lime¬ 
stones crop out in well-marked bands. The limestones often con¬ 
tain patches of a darker colour, sculptured out by denudation into 
rough, irregular shapes on the weathered surfaces. The calcare¬ 
ous shales are followed by limestone bands of a lighter grey colour 
containing roimd and pentagonal crinoid stems and sections of 
gastropods and lameUibranchs (77b). The limestone bands al¬ 
ternate with layers of dark grey and yellowish shales from which 
a form recalling the genus Doonella was obtained (78b). Similar 
rocks continue to Ping-chang, the road following the general direc¬ 
tion of the strike which is N.W.-S.E., with a moderate dip to the 
X.E. in this vicinity. Froxu this village there is a short but steep 
ascent to the crest of a ridge topped with limestone, elevation 
4,000 feet. On the descent to Ta-shan-shao (4 miles) yellowish shales 
with fragmentary Daonclla-^ti; forms are seen followed by lime¬ 
stones in weU-denned bands coniaining corals (78b).^ Ta-shan- 
&hao is situated in a hollow containing a little lake and is bounded 
by high lime«itone ranges on the TT. and S.W. Yellow shales and 
limestone bands now alternate until the road enters a narrow valley 
in which exposures are hidden by soil and cultivation as far as 
Shih-ke-la (6 miles), though limestone can be seen cropping out 
on the high valley sides. 

From Shih-ke-la there is a steady descent to the south-east 
down to the Nam-ka Ho at 8 miles. Near the village yellow and 

1 Tne corals incliide Thezosm’lia aff- fencittrafn Reuss, according to Dr. Cowper Reed. 
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yellowish-grey sandy shales strike K 30"* \y.-S. 30° E. and d> 
steeply to the N.E. They are soon followed by a series of hard, 
purple and ^'iolet, nodular sandstones which continue down to 
the river. These rocks, with a few sandy bands, seem to be quite 
conformable with those already described bub no fossils were found 
in them. 

The valley of the Kam-ka Ho running in a southerly direction 
and joining the Pu-e‘rh Ho at 9 miles, is now followed. Yery few rock 
exposures were seen as the bottom of the valley is covered with 
dense, tall grass, but the purple sandstones appear to continue. 
After crossing the main stream, a small tributary entering on the 
other bank from the south is ascended to the stage of Na-hsai at 
11 miles, elevation 3,100 feet. 

The next stage is at Na-ku, only about 7 miles in an east-south¬ 
easterly direction from Xa-hsai, as the crow fiies, but 14 miles by 
road, which for the greater part of the way follows approximately 
the winding course of the Na-hsai stc'eam. From Na-hsai to Man-mu 
(Sg miles), elevation 3,300 feet, the general direction is south-easter¬ 
ly and along the strike of the purple sandstones met with in the 
previous march, but only very poor outcrops were foimd. At 
5 miles hard, dark, calcareous shales occiu. Beyond these, to 
8 miles, poor exposures of reddish-pmple slates with alternations 
of green bands in places are found. At 8Jj miles little exposures 
of greyish-blue banded limestone occiu on the hill side. After 
crossing the stream and ascending to Euang-shan a weU-developed 
argillaceous series is again found. Close to Euang-shan village 
the strike of certain yellowish, sandy shales is N. 25^ IV.-S. 25° 
B. and the dip in a south-westerly direction at 51°. A few small 
and badly preserved lamellibranchs (No. 80b) were obtained close 
to this place, from greenish-grey shales with brown spots and 
yellowish-white bands. ^ These are followed by limestones forming 
a conspicuous, rounded peak to the south-south-east. In the re¬ 
maining 4 miles until the village of Naku is reached, rock exposures 
are poor and consist mainly of yellowish shales, stained red in 
places and sometimes containing hard, dark blue, earthy bands. 
These outcrops yielded no fossils and were small, much weathered 
and broken. 

^ These include various species belonging to the genera Peden, Pseudcmonoiifi, 
Modiola, Qervillia, Anodoniophora, Pleitromya and Cardium, Br. Cowper Reed’s list 
of these and other fossils colleoted by myself in Yunnan will he published shortly* 
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The last stage leads from Na-ku to S'su-mao T’ing, a distance 
of 13 miles. Leaving Na-ku the track keeps 

near^S’fu-mao^TMng?^^ ^ 
winds gradually down to a small stream at 

4 miles. From this point there is a steep ascent to the top of a 
small spur running out towards the south from the Na-ku range. 
The summit of this is reached at 5| miles, whence a gradual des¬ 
cent brings the traveller to the small cultivated valley of the Mong- 
li Ho. Around Na-ku, yellow and yeUowish-white shales predomi¬ 
nate. At the top of the little spur there are a few isolated exposures 
of dark limestone, but to the north, a high limestone mass is 
visible, some 8 or 10 miles distant. Beyond this point, the road 
traverses dense pine forest and outcrops are infrequent and poor 
but when visible they are of reddish shales and soft, reddish-blue 
sandstone bands very similar to the rocks of the Red Beds Series. 
At the same time they appear to dip in an easterly direction but 
this is not certain. It is highly probable that the Upper Mesozoic 
strata finish about this point to the east of Na-ku, and that they 
are followed by the Permo-Triassic horizons. As far as the allu¬ 
vial plain (at 11 miles) of the Ssu-mao valley, red shales and 
thin reddish sandstone bands were crossed at intervals. The 
small walled city of S'su-mao T'ing lies 2 miles across the little 
plain and near its eastern edge at an elevation of 4,700 
feet. j 

S su-mao is the “ treaty-port ” of south-western Yunnan and lies 
on the main southerly caravan route to Keng-Tung in the Southern 
Shan States of Burma. Other routes radiate from it to the French 
Laos and to the important tea-producing districts of the Sip-song- 
pan-na. 

Pu-erh Fii lies 27 miles to the north of Ssii-mao. The journey 
was done in two stages halting at Na-k‘o-h, 13 miles from the latter 
town. The road leaves S'su-mao at an elevation of 4,700 feet and 
descends some 300 feet down into the flat, lacustrine plain. It 
continues acrObS this for 3 miles and then ascends rapidly over 
a ridge of rocks belonging to the Red Beds Series to an elevation 
of 6,700 feet at 8 miles. From this point there is a steep descent 
to a small stream at 10 miles and the road then winds over the 
level alluvium of the valley to Na-k'o-li. T^jqpical forest growth 
covecs the whole country, but rock exposures are good in the road 
cuttings and stream beds. The strata are of the same as 
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those already described. Three miles to the south of Na-k’o-li 
thick beds of reddish sandstone strike N.-S. and dip W. at 35°. 

The Eed Beds continue for 7 miles from Na-k‘o-li as red shales 
and sandstones with odd bands of hard greyish- 

of^P'uherh blue sandstone, but at the point where the 
P'u-erh Fu plain is first seen the underljing 

Permian limestones crop out in isolated esposures of light and 
dark grey varieties. Some of these contain foraininifera (No. 81B). 
At 10 miles the alluvium of the narrow plain, at the northern 
end of which the city is situated, is encountered. It has an 
elevation of 4,500 feet above sea level. The limestones form a line 
of fantastic peaks rising to a height of 800 or 900 feet to the west 
of the city and falling away precipitously to the north-west and 
north. 

4. PU.E*RH FU TO TA-LI FU. 

With the exception of a few inliers of Permian limestones found 
to the north-east of Pu-e’rh Fu on the ascent from the city to the 
Mekong-Black Eiver watershed, and basic rocks—not seen in situ^ 
occurring in the same limited area, probably in association with 
the limestones,—^the whole of the rocks seen in this traverse as 
far as Hsia-kuan, a few miles from Ta-li Fu, belong to the Eed 
Beds Series. The journey was accomplished in 20 stages, roughly 
from south to north more or less along the strike of the Permo- 
Triassic rocks which occupy so much of this part of Yunnan. For 
this reason I shall not describe them so fully as I have done others 
in the earlier sections of this paper. 

In the first stage between Pu-erh Fu and Mo-hei, a distance 
of 12 miles, the last outcrop of the limestones is seen near Ch’ang- 
an, 7 miles from the city and a mile below the crest of the water¬ 
shed already referred to. This has an elevation of 6,200 feet and 
there is a steep descent to Mo-hei at 4,200 feet across typical rocks 
of the lower horizons of the Eed Beds Series, though the actual 
contact is not visible. Mo-hei has several important salt mines 
and brine wells. From this place the road turns abruptly north 
leaving the main trade route across Southern Yunnan to continue 
to the north-east, into the deeply excavated valley of a tributary 
of the Pa-pien Ho or Black Eiver. Eock exposures are poor but 
the material brought down by the torrents from the 10,000-foot 
boundary range on the west is all of “ Eed Beds ” appearance. 
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The second stage is reached at !Mo-po, a distance of 12 miles. 
From Mo~po the road continues directly north up the valley which 
becomes smaller. At 4 moles it closes in and a small watershed is 
crossed into another little valley. Man-pieh, the third stage, 13 
miles from Mo-po, lies in this at an elevation of 4.600 feet. The 
whole of the country hereabouts is covered with forest except the 
tops of the high ri<^es and the alluvial flats of the valley bottoms 
imder terraced culrivation of rice. Red sandstone, grits and shales 
prevail, the soil has a red colour and the water in the streams is 
laden with red silt from the irrigation channels. Similar rocks 
continue to iSIan-lien, the fourth stage, 12 miles further on, at an 
elevation of 3,700 feet. Here the Chiian-Ho, as the Black River 
is called in the upper part of its course, is first met with. It is 
a large river m a narrow vaUey the sides of which rise to 7,000 or 
8,000 feet. From ilan-hen to Hsin Fu, the fifth stage, is a dis¬ 
tance of 10 miles. Rock exposures are poor and infrequent but 
the red sandstones, grits, and conglomerates continue to strike 
N.-S. and to dip towards the E. The sixth stage is at Kuan-yi, 
elevation 3,900 feet and 13 miles further north. From this place 
to Enlo, stage seven, stiH going in the same northerly direction is 
17 miles. Between En-lo and CM-hu, stage eight, 14 mileb, the 
alluvial deposits of the river become thicker and wider, and if 
anything, the exposures of red sandstones and shales are more 
infrequent than in the earlier marches. Similar conditions prevail 
between Che-hu and Man-ma-kai, 12 miles to the north-north-west, 
the only roclcs seen being a few red and yellow sandstone boulders. 
Nineteen miles to the north-north-west of ilan-ma-kai lies Ching- 
tung T'ing, 10 stages from Pu-e rh Fu, but there is little to be seen 
on the journey except the red sandstone pebbles in the stream beds 
which are crossed, or the hard reddish grits containing <j_uartz pebbles 
which are used to pave the roads in the neighbourhood of the city. 

In the vicinity of Ching-tung T'ing, elevation 4,000 feet, the 
alluvial deposits of the river are so cemented as to deserve the 
term conglomerates: bands of sandy clay and of reddish sand rock 
are interbedded with them. There are a few small outcrops of 
sandstones and of red shales to the north of the city but at Hui- 
yao, 8 miles, a limestone scarp rises on the east bank of the river. 
It strikes N. 25° W.-S. 25°E. and forms a small chain of hills. Ascend¬ 
ing fromi this place, red and greenish shales underljdng the lime¬ 
stone are crossed, and are followed by soft, reddish, sandy shales 
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witL. a doubtful dip towards tbe E. Tbe limestone may be a local 
band interbedded in tbe Red Beds Series, or belong to a higher 
horizon in the Trias. It is unfossiliferous. On the steep descent 
to Pan-chiao-chai red shales and massive sandstone bands alter¬ 
nate. Near here the river valley, constricted by the limestones 
further down, again opens out. This village is the eleventh stage 
and hes 12 miles north-north-west of Ching-tung T’ing at an eleva¬ 
tion of 4,450 feet. 

Between Pan-ch’iao-chai and Hsiao-lo-ho, stage 12, elevation 
4,700 feet, and 11 miles further up the valley, the same limestone 
band occurs again, followed by reddish marls. Near the village 
of ChSng-yiian-shao an excellent view of the Mekong-Black River 
divide is obtained. It is a high mountain range rising steeply 
with a very irregular and serrated outline culminating in the peak 
Wu-hao-shan, 11,500 feet high, to the west of Ching-tung T’ing, 
A large stream which seems to drain the divide enters the Chuan 
Ho near Lung-kai but the only pebbles found in its bed were red 
and light coloured sandstones, typical rocks of the Red Beds Series. 

In the next two stages to Hsin-ma-kai, No. 13, 10 miles and 
Mao-kai, No. 14, 11 miles, elevation 7,150 feet, the direction is 
more to the north-west as the head of the valley is approached. 
The limestone band is again met with at first, the river breaking 
through its outcrop in a short and narrow gorge. Prom this point 
onwards the character of the country begins to change. Higher 
spurs separated by deep ravines run down to the river. The road 
follows the strike of the limestone and of the green and red shales 
w'hich come above it. Near Hsin-ma-kai the shales becomie of 
darker colours and develop a very marked lamination. This locahty 
was the scene of an extensive land-slip in 1907 when the whole of 
the mountain side gave way and fell into the river. It was probably 
brought about by the extensive destruction of the forests by the 
local Chinese. Near Niu-kai the rocks underlying the limestone 
band are seen to be sandstones associated with grey and yellowish- 
white shales. At Shih-tung-ssu, the dark, greyish-blue limestones 
are again breached by the river, which, by the time Mao-kai is 
reached, is nothing more than a good-sized stream. The rocks 
around this place are purple and pink variegated shales with a 
well-developed cleavage. 

Nan-chien ,the next stage (No. 15), lies at an elevation of 4,800 
feet, 16 miles further north. The road gradually rises across 
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good exposures of laminated red shales near San-yon-ching, Beyond 
A-k'e yellowiah-bro^vn shales "vrith black bands strike N. 22° W.-S. 
22° E. and dip in an easterly direction at 43°. They may belong 
to an uplDer Triassic horizon but they are conformable with the red 
shales. The ascent; finishes 3 miles beyond A-b'e and here the 
road leaves the valley of the Chuan Ho (Black Paver) and enters 
that of the Eed Eiver. Prom the summit a wide view towards 
the north is obtained and the valley of the Yang-pi Ho breaking 
through to the Mekong is plainly visible. AU down the long descent 
to the Nan-chien plain there are excellent outcrops of sandstones 
and shales of the Red Beds Series, the btrike varying from N.-S. 
to 20° \V, of N.-E. of S. Sections exposed in a stream bed lower 
down show much disturbance with a variable dip. Small faults 
also occur which increase the dip beyond the normal. The plain 
is about 3 miles long and is surrounded by high, bare ranges. There 
is a high-level gravel deposit 200 feet above the present bed of the 
river, containing large sandstone pebbles. Underneath the main 
gravel band, which is some 8 to 10 feet thick, there are layers of 
finer assorted material, of gravel beds with smaller stones and of 
soft, red silts. Rain pillars are very common as the arrangement 
of the stratification tends to preserve the easily disintegrated lower 
bands. 

From Xan-chien to ili-chih, stage 16, is 12 miles, again in a 
northerly direction, A long ascent of 8 miles brings the road to 
an elevation of 8,400 feet whence there is a drop to 7,150 feet at 
Mi-chih. Sandstones of the Red Beds Series crop out over the 
greater part of the way. The dip varies a great deal and the strike 
veers more to the E. and W. 

A march of 15 miles from ili-chih leads to Mi-tu in the Huncr-ai 
plain (stage 17), the general direction being north and then north¬ 
east. Alternations of soft, red shales, sandstone bands and grits 
continue to an elevation of 7,750 feet, where earthy shales worn 
down into small red fragments come in amongst soft sandstones of 
red, purple and yellowish-white colours. The strike is N.-S. and 
there is a high dip to the W. From the crest the long cultivated 
Himg-ai vaUey is fusible and to the north-west the high, snow- 
covered peaks of the T’sang Shan behind Ta-K Fu. Similar rocks 
crop out on the descent, followed by limestones and decomposed 
basic rocks of the Permo-Carboniferous which are hidden eventually 
by soil and the alluvial deposits of the plain. Two or three coal 
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seams crop out in Triassic rocks near tlie village of Li-kang-cli'ang 
towards the southern end of the Mi-tu plain. 

The remaining three stages between the Himg-ai plain and Tali 
Fu have been described in earlier papers.^ 

^ Contributions Nos. 6 and 6. 
Sec also “Mines and ^Mineral Resources of Yunnan,” Metn, GeoL Surv, Ind,, 

Vol. XLVIl, p. 66. 

EXPLANATION OF PLATE. 

PLATE 20. 

Pe ’on:iaissc'«no'' Surveys between Shun-ning Fu, P’u-6rh Fu, etc Scale 1 inch=20 miles. 

G 2 
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Contributions to the Geology of the Province 
OF Yunnan in Western China. 8. A Traverse 
DOWN the Yang-tze-chung V/lley from Chin- 
chiang-kai to Hui-li Ghou. By J. Coggin 
Brown, O.B.E., D.Sc., F.G.S., M.I.M.E, 
Supmntendmt, Geological Survey of India. (With 
Plate 21.) 

IN this, the final paper of my i^eiies dealing with the geology of 
T X- j X. Yunnan, I propose to record observations made 
Introduction. , . ^ i j: xt. n 

durmg a traverse along a portion of the valley 
of the Yang-tze-chiang, from Ghin-ching-kai, north-east of Tali Fu 
to Hui-li Chon, a city in the province of Ssu-ch’uan, The route 
followed was much the same as that taken by M. A. Leclere in 
1898, who has published a brief account of his journey to which 
references are made later.^ 

Proper survey work is impossible during rapid marches of this 
kind, especially in mountainous country of which only sketchy 
topographical maps exist. As a consequence, accuracy is not claimed 
for such boimdaries as are shown on the map nor finality for any of 
the conclusions arrived at in this report. These, by nature of the 
case, must be regarded as tentative and subject to modification in 
the light of further knowledge. The only justification for their pub¬ 
lication lies in the fact that they deal with an isolated region exceed¬ 
ingly difiSicult of access, yet, at the same time, of great interest 
from a geological point of \’iew. 

The village of Chin-chiang-kai is situated on the northern bank 
of the Yang-tze-chiang, at an elevation of 4,050 

above sea-level, four stages to the north- 
the Yang-tae-cbiang. ^ast of Ta-li Fu. From the eastern shores of 

Lake Erh-hai, opposite this city to the great 
river itself, contemporaneous volcanic rocks of Permo-Carboniferous 
age intervene, surmounted here and there by outliers of limesonet 
of varying extent. 

^ ** ifitade gdologiqne et mini5ie '■’’es Provinces ohinoises voisines du Tonkin ’* A. Le- 
cl^e : Anru des 9th Serie, Mem XX, 1901, pp. 381-395. 
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From one of these, near Ta-wang-miao, 23 miles from ^Ta-li Fu, 
a few fossils were collected. They seemed to resemble the fauna 
from the white limestone of Tunnan-i, considered by Douvill6 to 
be of Permian age.^ 

There is an important ferry at Chin-chiang-kai, where two minor 
trade routes from Ta-li Fii and Yunnan Hsien respectively, meet, cross 
fche river and continue north to Yung-pei T’ing. On the northern 
bank of the river the andesites, basalts and associated rocks which 
attain so extensive a development further south, are masked some¬ 
what by the older, high-level alluvial deposits of the Yang-tze. 

Three marches to the north of Chin-chiang-kai lies Yung-pei 

Junction of the Per greater part of the way the 
mo-Carboniferou8 lime- track follows a small tributary flowing south 

Yang-tze. The first stage is at Man- 
^ ^ kuan, a distance of 13|- miles. At 3J miles 

from the starting point there are good exposures of Permo- 
Carboniferous limestone, and at 4^ miles numerous fossils were 
collected from small outcrops on the western slopes of the valley. 
These are now being determined by Dr. F. E. Cowp^r Eeed.^ On 
the eastern bank of the stream at 5 miles, the rocks of the Eed Beds 
Series are seen, dipping to the east and overlying the limestones of 
the western bank. The junction is marked by a conglomerate in 
which pebbles of red jasper and red and green porphyry are the com¬ 
monest rocks. The line followed by the stream roughly divides the 
two groups, indeed its tributaries from the east are full of red sand¬ 
stone and conglomerate boulders, but the thick blanket of aruvium often 
hides bhe strata for miles and makes observations difficult elsewhere. 

The second stage leads from Man-kuan to Pan-hai-tzu, a distance 
^, of 14 miles, and here again, fluvial and lacus- 

deposits of Lake Pan- trme deposits in a wide-bottomed vaUey gen- 
erally bury the rocks. The outlines of the 

western boundary ridges in the first few miles of the stage, neverthe¬ 
less suggest the development of limestone in them. At 13 miles, 
soft, speckled grey sandstones and red, nodular shales strike north 
30° west-south 30° east, and dip north-east at 60°. The upper part 
of the valley is occupied by a deep lake and the road runs for several 
miles along its eastern shores. This lake, like many others in Central 

1 Contribution No. 6 Bee. Geol. Surv. Ind.9 Vol. LIV, p. 70, 
2 Dr. Cowper Beed has studied this collection and attributes a Devonian age to the 

fossils. On stratigraphical pounds I believe however that Permo-Carboniferous 
limestones also occur in the vicinity. 



326 Records of the Geological Sinvey of India. [Vol. LIV. 

Yunnan, is merely a remnant of a mucli larger slieet of water which 
existed in Plio-Pleistocene times and its deposits fill a large part of 
the valley further south and are particularly well displayed between 
miles 7 and 8. 

Prom Pan-hai-tzu, elevation 5,650 feet, to Yung-pei T'ing, ele- 
^ . vation 7,250 feet, is a distance of 15i mile'. 

The Red Beds Series. ^ ^ i 
Continmng to the north along the eastern 

margin of the lake, there are poor exposures of sandstones of light 
colours on the hill-sideo as far as Liu-chia-wan at 3 miles. Beyond 
this village, and as far as Liu-shui-tang at 7^ miles, the track 
crosses cultivated land or grassy slopes on which greenish and red¬ 
dish shales, interbedded with friable sandstones, crop out. A steep 
ascent to Ho-ti-tang follows, across the range stretching north and 
south on the western side of the Yung-pei T’ing plain. Beaching 
the summit at 8,150 feet, the path continues along the crest for 
half a mile before it descends into the plain at its southern extremity. 
The only \usible rocks belonged to the Bed Beds Series. The plain 
is about 8 miles long and 2 miles wide at its broadest part and is 
undoubtedly a dessicated lake basin. 

From the city a visit was paid to the copper-mining centre of 
Pao-p’ing-ch’ang two stages further west. As 

Penno-Carboniferous an account of this journey has abeady been 

pel T’ing, given it is only necessary to recall that fossili- 
ferous Permo-Carboniferous limestones, similar to 

those found near Chin-chiang-kai-occur in the ridge separating 
the Yung-pei T‘ing plain from the larger one of San-ch‘uan- 
pa, while further west stiU, the country is built up of igneous 
strata identical in every respect with those examined between 
Ta-li Pu and the Yang-tze. The \'olcanic series is of great thickness 
and contains flows, tufEs and ash beds, intercalated with bands 
of shale and grit. The tuffs disintegrate at the surface into red and 
green spotted, angular fragments and rhe shales into easily broken, 
nodular masses.^ 

Prom Yung-pei T'ing I marched east to Hui-li Chou, a distance 
of 132^ miles, covered in 8 stages. The first 

sioi?^ ^Yiiiw" Ta-lu, a distance of 15 miles. After 
pel T’ing. ** crossing the alluvial plain the path ascends 

to the south-east across very broken country 

^ “ Ti^e Mines and Mineral Resources of Yunnan.” 2Iem, Oeol. Svrv* Ind, Vol. 
XLVn, Pt. 1, pp. 109-117. 
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covered with pine tiee*^. The rock» in the rare in'^tances wheie they 
are seen, consist ot alteination^ ot v^ott, litiht'Coloured shales and 
Sc»ndstones with bands o£ coarse, friable yellow sandstone. A haid 
white sandstone also foims a veil-marked horizon and makes 
prominent blnH^ on the hiU-sides. Xear Lan-yi-chi thin beds ot 
vhite marly limestone occur. Beyond this place the outcrops of the 
light-coloured rocks become still poorer and soon, intercalations of 
noduLci snalea and darker speckled sandstones aie seen. On the 
descent to the stream flowing at the foot of the Ta-lu ridge there are 
good continuous exposures which dip to the west-north-west at 15°. 
The red colour of the sandstones in this vicinity is only a superficial 
effect induced by weathering, and when freshly broken they are seen 
to be of a dark grey shade, or of drab speckled with white. 
Thin layers of small quartz pebbles occur in some of them. 

In a small side stream on the last ascent to Ta-lu, blocks of a 
coarse white granite were found. The most interesting feature of this 
march is the occurrence of the conglomerate horizon on this ascent, 
containing pieces of limestone two or three inches across identical 
in appearance with that from the Permo-Carboniferous, as well 
as sandstone and quartz pebbles. Great pieces of the conglomerate 
strew the hiU-sides and are followed higher up by crumbling yellow 
sandstones and yellovish marls, striking north 20° west-south 20° 
east and dipping towards the south-west at 20°. Ta-lu (7,700 feet) 
is a small scattered village built on the gentle upper slopes of what 
mu-^t be an horizon low down in the Red Beds Series. 

As one approaches Ta-lu from the west the rocks are seen to dip 
in a westerly direction, but on the rounded tops 

Conglomerate. there is an apparent 
easterly dip, indicating low folding. In this 

vay the friable ycUow sandstones and marls just described may per¬ 
haps be the representatives of the soft, light-tinted shales and sand¬ 
stones observed in the early part of the march, though there, the 
basal conglomerate appears to be hidden uuder the alluvial cloak 
of the Yung-pei T’ing plain. At the same time there are differences 
between this conglomerate and the one I regard as the true basement 
bed found five miles to the north of Chin-chiang-kai. In the latter 
the predominant elements are pebbles of jasper, porphyiite and re¬ 
lated rocks undoubtedly derived from the underlying volcanic series 
The present one contains practically nothing except limestone 
pebbles, for although a few volcanic constituents were seen, they 
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are exceedingly scarce. Again, it is a mucli coarser rock with a 
finer and paler cement and its pebbles do not appear to have travel¬ 
led far, whereas in the other type they are small, as a rule, and very 
well rounded. These differences may be the result of variations 
in the conditions of deposition of the same band in two localities, 
or, they may point to the presence of a second conglomerate of slight¬ 
ly younger age than the true basal one. The matter could not be 
settled in a single rapid traverse, but I think it advisable to record 
my suspicions for the benefit of any future surveyor who may have 
the opportunity of working over this region systematically. 

The next stage leads to Wei-sha, a distance of 14 miles. The 
road ascends to the east attaining an elevation of 9,800 feet at 5 
miles. Large blocks of the conglomerate are common just to the 
east of the village and there are also a few exposures of hard, 
white, marly beds, striking north and south and dipping at low 
angles to the east. Further up the ascent, outcrops are poor and 
consist of light-coloured sandstones and shales still possessing the 
low easterly dip. Towards the north the Eed Beds can be seen 
cropping out on the hill-sides. 

At the crest of the ridge a limestone is found striking north and 
south and dipping east at 30®. It is a hard, 

The Mesozoic Succes- bluish-white rock weathering into slabs. It is 
Sion between Ta-lu and - ... t. . i ^ 

Hsin-chuang. fos^iliferous but it is almost impossible to extract 
the remains, as thev break with the rock and 

weather below its surface, so that only a few fragmentary bival¬ 
ves were obtained here. I believe that this limestone band marks 
the commencement of the higher part of the Triassic succession 
which stretches for 40 miles in an easterly direction as the crow 
flies, and is the noithem counterpart of the Triassic and Ehaetic 
deposits of Yunnan-i.^ I could form no opinion as to the nature 
of its junction with the older rocks without spending more Lime 
there and this was impossible. Leclere’s views are as follows :—Su- 
perpobed on the Palaeozoic formations of the Ta-h Fu region, the 
Tiiassic, Ehaetic and Liassic sediments are extended eastwards 
by means of a transgression which seems to result in the Ehaetic 
stage resting in places on the diorite fringe of the Ch’ien Shan 
massif. The ancient shore line runs nearly north and south for 
unknown distances on both sides of the Tang-tze and encloses very 

^ Contribution Xo. he cit. pp. 76-78. 
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ricli deposits of coal. ” ^ It is beyond question that this extensive 
llesozoic basin owes its origin to the gradual spread of the sea in 
Triassic times over the ancient Palaeozoic land surface. Yet this by 
no means precludes the possibility of later faulting along the old 
shores, especially as it has been proved that the Mesozoic basins 
of Eastern Yunnan owe their preservation to the action of long 
Iractures with considerable throws. 

The limestone to which attention was directed at the commence¬ 
ment of the last paragraph, continues for about two miles and is then 
replaced by yellow and white shales, marls and thick bands of soft, 
yellowish sandstone, striking a few degrees west of north-east of 
south and still dipx)ing to the cast. Exposures of dark shales and 
sandstones follow for the next four miles when a second limestone 
zone forms cliff-like outcrops. From these three brachiopods of a 
Terehralula-Yike form were collected. At the point where the last 
accent to Wei-sha starts, a succession of hard, fine-grained purple 
shales i^ followed by another limestone band dipping to the east. 

series of beds in a similar position to these, found by Leclere 
between Chiu-ya-p’ing and Chao-chou-la is regarded by that writer 
as probably representing a Jurassic facies owing to the fact that it 
overlies a limestone of presumed Liassic age. This is too far-reach¬ 
ing an assumption to make in the absence of palaeontological 
evidence. 

Wei-sha lies at an elevation of 7,800 feeo in a small valley 
surrounded by limestone cliffs. 

The next stage is at Chiu-ya-p'ing, a distance of 20 miles. 
Leaving Wei-sha, a thick soil ca^) liides the rocks at first, but at IJ- 
miles, red shales interstratified with thin layers of sandstone, 
dip towards Ihe oa^t. A second village bearing the same name of 
Wei-sha is passed at 3 miles and in the bed of a small stream just 
beyond it, blocks of w’bite granite with large porph3rritic felspar 
crystals are seen. The path now crosses a ridge and descends to 
Ping-wa at 9 miles. Eeddish and reddish-purple shales occur on 
the ascent and are followed by bliiivsh-white limestone near the top. 
The high position of these beds again led LeclSre to suggest that 
they may belong to a Jurassic horizon, but a study of any fauna they 
may contain is necessary before this can be cordirmed. Small lime¬ 
stone cliffs arc seen on the descent and at the bottom of the hiU at 12 

1 Lecl4re, loc, eit, p. 385. 
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miles the track enters a in this rock, excavoted by the Hsing- 
chaung Ho, an easterly flowing tributary of the Yang-tze. 

The limestones attain a very considerable development aromid 
Chiii-ya-p’ing, a little town lying at an ele- 

Coal Measures ^ vation of 4,200 feet in the narrow valley of a 

bourhooT small stream flowing from the north-west to 
join the Hsing-chuang Ho. Coal seams crop 

out on both slopes of the valley and the tops of the ridges are 
capped wdtli limestones wliich may be of Hhaetic age. Leclere, basing 
his opinion on stratigraphical grounds, regarded them as Lias- 
sic. On the west, the coal seams at Pa-sha-shan are about 6,000 
feet above the sea, that is to say about 1.800 feet above Cliiu-ya- 
p’insf itself. After crossing one thick limestone band, the path 
ascends across red shales topped by steep limestone crags. The 
seams themselves are in a series of soft, grey sandstones, banded 
with variegated and yellowish shales with carbonaceous partings* 

Leaving Chiu-ya-p’ing and starting the ascent on the east to 
the next stage at Hsin-kai, a distance of 11 miles, the red shales 
already seen on the western slopes are again met with. Here, they 
are interstratified with a few', thin, bleached bands and followed 
by limestones dipping to the east-north-east at 20*^. These, in their 
turn, give place to conformable, light yellow shales and they are over- 
lain by limestones again. Coal is mined from seams in the yellow 
shales at TVe-pan-tsun and Ta-pin-tzu. Leclere places the upper 
limestones in the Lias and has referred to the characteristic karstic 
appearance of the scenery in this district. Further limestone bands, 
foUow'ed by shales and hy grey sandstones, interbedded with thick, 
carbonaceous layers, occur before the last steep climb to the crest 
at 7 miles. Here, an extensive view’ of the country further to 
the east is obtained. Several well-displayed horizons are to be 
seen, one behind the other, stretching to the north and south and 
dipping to the east. They form low escarpments witli long, 
gentle, intervening dip slopes. Sandstones are the prevailing rocks 
hereabouts and the hard and soft layers are very well-defined and 
separated hy reddish-yellow shales. Near Ta-w'a-ya-kou, 7J miles, 
a coal seam crops out. Descending the little side valley to Hsin- 
kai, hard, massive sandstone bands are exposed on both sides, 
while under them on the south, a hard, bluish-white limestone 
appears. The sandstone clifls come close up to the village on the 
south-west. There are numerous, abandoned coal worldngs in the 
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bandbtones and otliers in opeiation iurtL^r a\^ay. TLi- coai, used 
lc*cull7 a'i a doniebtic lael, is a liard, Liiglit variety ui excellt^nt 
a^jpearance. 

Frcjn Hbin-kai (elevation -1,050 leet). proceeding east, tke next 
staae li reached at Hbing-chuana (4,400 feet), a distance oi 16 
miles. The coal-bearing series continnes most of the way. Out- 
crox)s of limebtone occur just outside the village, but after that 
cultivated land obbciires the rocks for "he next 4 miles. Poor 
exposures of shales and marls are then followed by grey, fine¬ 
grained sandstones striking east and west and dipping south at 
18^. Further on, towards Ma-ch’ang, which is 8 miles from Hsin- 
kai, alternations of yellow' sandstone and soft, arenaceous shales 
strike north 36® east-south 35® west and dip in a south-easterly 
direction at GO®. Near this place the Yang-tze is encountered 
again and the track proceeds just above the river, but the detritus 
from the hills and the travertine on the surface, mask the occur¬ 
rences of solid rock wdrich w'ere expected in such a situation. 
Nevertheless, the sandstones se^'in to continne to mile 11, that 
is to say to a mile beyond the village of Ke-ti-ping, w'hen they 
are succeeded by limestones once more. Coal w’as not being mined 
at Ma-ch’ang at the time of my visit but there was an active 
mine at Mo-so-ho, four miles further to the east. Indeed, for at 
least this distance below Ma-ch’ang, on both banks of the Yang-tze, 
there is a prominent coal-bearing zone. 

^ ^ From the roof of a mine in this locality, in 
the Rhaetic age of a seam 6 feet threk, dri)pmg to the east at 40 , 
the Yang-tze Coal iossil plants were collected by Leclere and 
Measures. described by Zeiller as follows:— 

Tai-pin-ch’ang, on the frontier of Yunnan and Ssu-Ch’uan, 
to the east of Yung-p.*r T mg. FERNS ; Cladophlebis Roesserti Persl. 
(sp.); Ctenopieris n. sjj., identical with an imdcscrihed species from 
Tong-king, with long pinnules, recalling slightly Nilssonia Blusii 
Brauns; Taeniopteris n.sp., with simple fronds and thick nerves, 
related to Taenwptens hmnsrsa Natliorst: Olossoplens hulica Sohim- 
per, represented by fronds with a paiici reolate nervation, exactly 
resembling that which I have observed on certain specimens from 
South Rewah in India; Dictyophyllum ex^iile Brauns (sp.); Ohth- 
roptcris pVilyphylla Goeppert. 

Amongst tl^e Cycads : a Pterophyllum with large fob'oles truncat¬ 
ed at the vertex, sho\ving resemblances on the one hand to Ptero- 
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phjllum longifolium Brongniart, and on the other to certain species 
from the Eajmahal beds of India; Anomozamifes inconstans Brauns 
(sp.); finally two small fragments of fronds which, although in¬ 
complete, seem to deserve identification without hesitation with 
PtitopJiyllum acutifolium Morris, from the Upper Gondwanas of 
India. 

“ The assemblage of these forms, containing at the same time 
species from the European Rhaetic and from the Lias of India, 
leads to the correlation of the Tai-pin-ch’ang coal-bearing horizon 
\\ith the Rhaetic stage, the same as those of Hon-gay and Ke-bao in 
Tong-king, with which it presents a remarkable similarity of flora. 

This pdlaeobotanical evidence is suf&cient to determine the com¬ 
parative age of the coal seams in this vicinity. I have shown else¬ 
where that the field may persist for some 80 miles or more further 
to the «!outh-\ve&t, to the latitude nf Pin-ch’uan Chou and Yunnan 
Hsien, but whether the coal seams of the latter portion belong to 
the Rhaetic, or some lowei portion of the Triassic system, is a 
question wliich cannot be answered until the fauna and flora col¬ 
lected there by myself, and now in the hands of Dr. Cowper Reed, 
has been investigated.^ 

The high-level pebble beds and older alluvial terraces of tlie 
Tang-tze itself around Ma-ch'ang, and for seme 

Gold-bearing allu\lal niiles both up and down stream from this 

tze. Place, have been woiked extensively by the 
local inhabitants for gold. Drifts are made 

into the river beiiche&, following the layers in which the gold is 
concentrated, and the'-e small-scale mining operations are helped 
cons dembly by the infiltration of calcium carbonate, doubtless derived 
from the Mesozoic limestones into the gravels. 

After crossing the Pan-han Ho, at mile 13|, in the bed of which 
boulders of a fine-grained granite were seen, an exposure of a very 
decomposed basic igneous rock was found, probably intrusive into 
the Rhaetic sandstones. At this point the Yang-tze takes a short 
bend to the south and displays the limestone hills on its left bank, 
but along the remainder of the road to Hsing-ohuang (elevation 
4,400 feet) the rocks are hidden by a thick capping of red soil. 
One of the most interesting features of this march is the veering 

^ C. E. Acad. iSc., 22 J in. 1900, quoted by Le^Ure, loc. cit,^ p. 349. 
°Dt. Cowp.T Reed lias since concluded that this abundant fiuna is of upper 

Tria&fcic age exhibiting much the same characters as that of the Nucula marls of Iho 
Sunda Islands and of the Padnn:; l>eds of Sumatra. 
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round of the dip to the west. At Hsin-chiiang the boundary 
between the pro^unces of Yunnan and Ssu-ch'uan is crossed. 

From Hsin-chuang I proceeded east along the north bank of 
the Yang-tze to San-tui-tzu, a distance of 18| 

Diorites and miles, crossing the Ya-lung river at mile 15J. 
chuaflg/ The general direction is towards the east and 

the track is at first some 200 to 300 feet above 
the level of the river below. About 1 mile from Hsin-chuang the 
first exposures of the diorite, which with its associated rocks 
builds up the greater part of the ground traveibed in this stage, 
are seen, the track, for a short distance, being cut out of the 
decomposed surfaces of high cliff-like occurrences of these rocks. 
At the same time it must be pointed out that the definite 
boundary between the diorite and the Mesozoic limestones, etc., 
to the west has not been mapped owing to the thick surface 
covering and the fact that this portion of the march had to be done 
in the dark. From general appearances however I am inclined 
to think that the line is some two miles to the east of Hsin- 
chuang. 

Although the term “ diorite' is a useful one to apply to the rocks- 
of this massif in the field, and although a large part of it is made up 
of a true diorite, in some places it appears to shade into gabbro 
and in others to be altered into am];)hibolite. Thus, Levy and 
Lacroix, who examined the specimens collected by Leclere, state 
that:—in the region of the porj)hyritic effusions of the Yang-tze, 
the rock at depth is a b}i;owmte-diorite, passing into a schistose 
amphibolite. The diorite encloses veins of a rock formed* at two 
periods and composed of a microgranulite containing amphibole, 
black mica, oligoclase and pyrites. ’’ ^ 

After' crossing the diorite outcrops, conglomerates are found 
which at first sight appear to be the same as the cemented bands 
of the high level river terraces, but a little further on they proved 
to be interbedded with red sandstones and to dip at low angles 
to the east. This small exposure may be an outlying patch of the 
Triassic rocks lying on the diorite and the possibility of other 
occurrences of the same type is not overlooked. Thus, certain con¬ 
torted rocks seen on the right bank of the Yang-tze at the commence¬ 
ment of this march are perhaps of a similar character, but this is 

1 Log, ciU p. 302, 



334 Records of the Geological Survey of India, [Vol, LIV. 

not proved as tliey were only viewed from a distance and across 
tKe river. 

Exposures are very poor as far as tlie Gth mile when diorite is 
seen below the soil in small dry watercourses running down to the 
river near the hamlet of Ma-ch’ang-tzu. After passing Tao-ma at 
8^ miles, a rocky spur is crossed in which good exposures of the 
igneous rocks are visible though unfortunately they are very decom¬ 
posed. Here, there are coarse, medium and fine-grained bands, in 
the first of which plagioclase and hornblende are the predominant 
minerals. Thin veins and films of serpentine tin verse the rock in 
some places and in others there are stringers and veinlets of black, 
practically pure iron ore. 

The constricted character of the Yang-tze valley hereabouts 
together with its rapid current, forms a striking contrast to the 
wider Mesozoic valley and the placid nature of the stream further 
to the west. At this point there were several gold-washing installa¬ 
tions at work on the high-water deposits of the river and not on 
the older terraces. From mile 11 to mile 15, the track follows 
the bed of the river across sand banks and boulder and. pe ble 
beaches, the materials of which are derived from the lade 
rocks of the surrounding region. Qose to the village of Cha-ho, 
at 15^ miles, the Ya-lung joins the Yang-tze, the tributary river appear¬ 
ing to the eye to be practically as large as the main stream. The 
diorite is met with again on the left bank, traversed by many 
thin veins of serpentine. The same rock continues from the right 
bank to San-tui-tzu (elevation 3,850 feet), at mile 18|, Lecl^re’s 
description is so exact that it is best to give it in his own words;— 
‘'La diorite renferme de nombreuses enclaves schistoides, et passe 
souvent h ramphibohte. On y rencontre aussi des filons microgra- 
nulitiques sans amphibjle, diss^mines et parfois comme diffuses dans 
la masse dioritique. On y trouve aussi des injections basiques 
plus r^centes, completement transformees en mati^res serpentineuses, 
et des filonnets quartzeux traversant toutes les autres formations 
petrographiques. ^ 

Xear San-tui-tzu the load finally leaves the Yang-tze which turns 
in a sharp bend to the south, and continues east to I-lang-ho, the 
next stage, 22 mUes, and thence north-east to Hui-h Chou which 
is 16 miles further on. Typical diorite exposures are found in the 

^ Loc. cit, p, 383. 
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fiist mile or two from San-tui-tzu. but beyond this and up to the 
8th mile, there ih mucli soil and stiatified alltmum. "ftTiere the 
latter is cut away, however, the diorite is seen to undeilie it. 

At 91 miles near the village of Si-ka-ta, small boulders of fine¬ 
grained mica schist and rocks of a phyllitic 

Granite and associaied j^atui'e are seen in the beds of the sti*eams, 
rocks of the Chien - ^ t ’ 
Shan. but the diorite is believed to continue ahuost 

up to this point. There is now a gradual 
ascent to the east, passing the village of Tsin-ye-kou, at lOJ miles, 
where there is an outlier of limestone, but it is followed at once in 
the ravine beyond the village by blue phyllites and white quartzites. 
At mile 13, the track passes Pan-ching where there are numerous 
limestone exposures, but at mile 131 on the gradual descent to 
the east-south-east, granite is first seen. It is veiy decomposed and 
soft, so much so that the foot-paths wear deeply into it. Further on 
there is a steep ascent, keeping a little to the noith of east and 
the summit is reached at mile 18, elevation 7,700 feet. From the 
crest the road descends very steeply to the north-east for four miles 
to I-lang-ho, elevation 6,850 feet. Decomposed granite continues the 
whole way. It is a coarse, even-textured rock, the quartz grains 
of which weather out in large numbers. 

The correlation of the metamorphosed rocks seen in this march 
is a difficult matter. The phyllites, mica schists and quartzites 
recall ver}" much those of the old Kao-liang system, but the pre¬ 
sence of the limestones militates against the supposition that they 
are identical. On the small map accompanying my economic 
report on Yunnan, I have indicated them as rej)resentatives of the 
Palaeozoic (Devonian, Carboniferous and Permian in part), being 
led to this conclusion by the lithological resemblance of the lime¬ 
stone with those of the older Palaeozoic generally in Yuiman, and 
regarding the arenaceous groups as shales and sandstones metamor¬ 
phosed by the I-lang-ho granite. The question cannot be settled 
as the result of one rapid traverse and must be left open. 

With the exception of a sandstone outlier just outside I-lang-ho 
the beds of which strike north 20° east-south 20° west and have 
a vei'tical dip, the granite continues for the next 9 miles to Lo-ko- 
tsin, where it gives place to hard sandstones, white quartzites 
and blue slates. Intruded into these rocks are two sills of basic 
rock now in a very decomposed state. These are presumably the 
^'melaphyre labradorique ” of Lecl^re. 
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The granite itself has been described by Levy and Lacroix 
as follows:— 

“ A massif of leptinite with very abundant vermicular quartz 
enclosing to the east of Hui-li Chou, dykes of nepheline syenite 
containing aegyrine. Accessory minerals are an amphibole of the 
arfvedsonite family, lepidomelane, sphene, sodahte and cancrinite. 
One of the specimens contains a mineral which is probably new 
associated with the aegyrine. ” ^ 

Ascending to the east, purple slates strike north and south and 
dip east at 82°. They are followed by quart- 

HuHi^Chou!! zites, variegated slatey beds and then by the 
Palaeozoic brecciated limestone which crops out 

in small isolated pieces and in cliff-like exposures in the stream 
beds. Prom the top of the ascent at 12 miles, the valley in which 
Hui-n Chou is built is first seen. On the descent to the plain the 
brecciated limestone continues forming a chracteristic Indian red 
soil. According to Lecl^re it is overlaid by diabases but I 
was unable to fimd these rocks. The Hui-li Chou plain has an 
elevation of about 6,500 feet above the sea and is a narrow, 
elongated expanse of flat land, running north and south for some 15 
miles and broadening out slightly at its southern end. It is drained 
by a siaream which finds its way south to the Yang-tze. The city is 
a prosperous commercial centre, on an important trade route 
between Yunnan Pu and the Chen-ch’ang valley of Ssu-ch’uan. 

^ Loc. ciU, p. 302. 

EXPLANATION OF PLATE. 

PLATE 21. 

GsologicaJ Sketch Hap of a Traverse in the Yang-tze Valley. Scale 1 inch =; 20 miles^ 
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NoTfa ON THE Boulder Beds beneath the Utatur 
Stage of the Trichinopoly District. By Hem 
Chandra Das Gupta, M.A., F.G.S. 

JN Hs description of the rocks of the Trichinopoly district Jilan- 
ford mentioned the occurrence of boulder-beds lying below the 

rocks of Utatur age. No fossils were recorded from these boulder- 
beds and they were supposed to be of the same age as the Upper 
Gondwanas on which the Utatur beds were deposited. It must be 
pointed out that these beds are quite distinct from those containing 
concretions with fossil shells sufficiently well preserved to indi¬ 
cate their age. 

A number oi nodules collected in 1912 from the neighbourhood 
of Utatur are variable in size and usually spheroidal in shape, 
the difference between the two axes of the spheroid being 
sometimes very considerable. One of the nodules gives 67 mm. 
and 37 mm. as the lengths of the two axes; in other cases the 
difference between the two axes is very much reduced. They often 
have a white coating and when broken, exhibit a dark grey interior 
with white crystalline portions. The specific gravity of the nodtdes 
was found to be 2*8(5. 

The white outer coating effervesces with hydrochloric acid and 
the rest of the nodule is partially soluble with effervescence. The 
nodules are phosphatic and the presence of iron, aluminium, cal¬ 
cium and inagnesium was determined qualitatively. The insolu¬ 
ble portion is black, but loses its colour on ignition, a white-coloured 
substance remaining behind. 

Sections, when examined under the microscope, show chiefly a 
yellowish-brown substance which is non-pleochroic and isotropic, 
and gives the chemical reaction of a phosphate. It may be noted 
in this connection that while describing the phosphorite nodules 
of the middle oligocene beds of Leipzig, Prof, ttedner described 
the presence of a phosphoric cement of a yellowish-brown 
colour,’'^ According to Gosselet, lime phosphate may occur under 
three different forms~(a) crystalline, (apatite), transparent, aniso- 

1 Abh. d. E. Sack, GeseU, der VoL XXXVII, p. 11. 

H 
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tropic; (&) nou-cry^talliue, istropic, traubpareut aud (c) opaque, biowu 
and eaitliy.^ The phobpliate occuib ia patches and calcitc is also 
found abundantly. Among other ingredients may be mentioned 
small grains of quartz and a number of opaque patches chiefly 
black and rarely green in colour. ^Besides these ingredients some 
ol the slides reveal the presence oi loramiuifera which are ol very 
minute size and belong mostly to the genera Globigerma, Cnslella- 

hodoaarta (?) and Textuhina, Many of the foramiiiilcral cham¬ 
bers give a black cross under crossed nicols, recalling a phenomenon 
already recorded by G-osselet.’^ Though nothing beyond the gene¬ 
ric determination of these fossils is possibloj their existence is oi 
interest for the reasons given below. 

Phosphatic nodules have been previously described from Mus- 
souri,^ Dandot,** Pondicherry^ and the Perambulur taluq of Tri- 
chinopoly district.® The nodules of Alussouri have not yielded 
any organic remains and the Dandot nodules contain broken frag¬ 
ments of shells which can be observed microscopically. The Pon¬ 
dicherry nodules are very rich in fossils which can also be seen by 
the naked eye. The fossils in the Utatur nodules are, on the other 
hand, discernible only with the help of the microscope. Our knowl¬ 
edge of the Cretaceous foraminitera of Southern India is very mea¬ 
gre, Dr. Stoliczka having described one Orbitoides, with a few spe¬ 
cimens of Rolalia and Laijena'^ and Kossmat having described Am- 

pkistegitia and Orbitoides.^ The occurrence of foraminifera in the 
boulder-beds shows that they cannot belong to the plant beds which 
are of fresh-wafer origin. 

-tin inspection of the inaj> published by Blanford shows that the 
boulder-beds lie along the ]>order of the Cretaceous deposits. Ac¬ 
cording to the late Dr. Oldham those boulder-beds are nothing 
but the deposits locally formed-close to the old shores,while, 
in the opinion of Mr. R. D. Oldham, on the whole there a])pears 
every reason to believe that the Utatiu* beds were formed in the 

delii i^oe, Oioldu Nonl, VoUXXXl, v. U, 
» Op cU„ p. 43. 
» hid, Foreater^ VoL VI, pp. 211-218. 
« Bee, Oeol Burn hid,, Vol. XX, p. 30. 
«Ibid, Vol. XXVni, pp. 15-21. 
« Ibid., VoL XLVI, p. 283. 

^ M describod the Orbitoides as 
XXTvt p it is O, minor {Bee, Geol Surv. hid,, Vol. 

» Bee, Oeol. Surv. huL, Vol. XXX, p, 97. 
» Metn. GedL Surv. Jnd„ Vol. IV, y. 40, footnote. 
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neighboiirlioorl of a coast-line.’"'* This statement receives support 
froin the phosphatic nature oi the nodules, since according to Dr. Teall 
' the lonnation of pliosphatie deposits may take place on the 
sniiace ol tbe land or Ijeneatli the waters ol the ocean. In the 
latter case they appear to he limited to continental borders where 
deposition is slight, and where current action is often well marked.”^ 

Two types of phos]jhaiic nodiile»s were recognised by Dr. Collet, 
namely, (ct) nodules with loraminiicra or other calcareous 
oigauisms and (h) nodules without calcareous organisms.® These two 
types have ditferent modes ol origin. The Utatiir nodules belong to 
class (a) and according to the author the origin of the calcium 
phosphate is due to the action ol ammonium phosphate on calcium 
carbonate in the way cited. 

2(NIl4)aP0++3<^aC03=--Ca3(P0t)2+3{NH4)2C0-^. The action is 
one of pseudomorphism and calcareous shells are often replaced 
i>y phosphate.*''^ Such phosphatisation of the toraminiferal tests 
is seen in the case of the Dtatur nodules, as examination of 
tlie sections ol the nodules showe, in some cases, a number of 
circular microscopical jjatches iillod up with phosphate. One ot 
the patches in which phosphatisation has been incomplete 
illustrates ihe lact that ihe iiseudomorphism began at different cen¬ 
tres, irom each of which radiating canals Idled up with phosphatio 
snlistance were sent out. 

That shells found in phos]>hatie deposits are themselves also 
rich in phospliate has been known for a long time. Thus Penrose, 
in the course ol his desciiplion of the phosphalic limestones of 
Kentucky, roforrec! to the numeious univalve shells of microsco¬ 
pic size found in these beds, which have been stated to be phosphatio.® 
In a later communication Miller referred to these shells (probably 
Oyclora minuta Hall) and, from detailed chemical examination, 
came to the conclusion that the casts of Cyclora are mvarial)ly rich 
in phosphate of lime.® It seems possible that the phosphatic nature 
of the shells is not due to any phosphate of lime origmally present 
in them but to the pseudomorphous replacement of calcium car- 
]»onate by ammonium phosphate in the manner mentioned above. 

^ A Manual of the Geology of India, 2nd edition, p. 235. 
a Proc. Qedl, Assoc., VoL XVI, p. 385 (1899-1900). 

# 3 Proc. Boy. Soc. Edin.. Vol, XXV, Pt. 2, pp. 8(12-85. 
* Collet; op. cit. p. 881. 
c Btdl V. Id. Oeol Siirv.. Vol. VIT, p. 601 (1888). 
« Amer. OeoU Vol. XVIT, p. 76 (1896), 



340 Records of the Geological Rmvey of hidia, [ Vol. LIV. 

An animal origin is usually assigned to ammonium phosphate. 
Analyses of the tests of foraminileta have shown that, though in some 
cases, phosphate ot lime is present, it is always present in very small 
quantities. Fossil sharks have been found in the Utatur beds^ and the 
ammonium phosphate necessary lor the changes suggested might have 
been derived from these fishes. Another possible source of ammo¬ 
nium phosphate is the drift wood found in parts of the Utatur groups 
and derived from the plants which grew on the high cliffs bordering 
^he shore of the Southern Indian Cretaceous sea. 
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MISCELLANEOUS NOTES. 

Galena near Nardha, Seonhra Tehsil, Datia State. 

A quartz vein oarrying galena traverses red ferruginous quartzites and 
sandstones belonging to the Par stage of the Gwalior series, about 1J miles 
S. E. of the village of Nardha (Seonhra Tehsil) and some 41 miles to the 
N.N.E. of Datia (Central India). The existence of this deposit of galena 
has long been loiown, and it was mentioned by Medlicott {Rec, Qeol. 
Svrv* hid., Vol. VIII, p. 58) and V. Ball (Gteology of India, Vol. Ill, 
p. 299) as early as 1875, but nothing was known regarding its extent 
or value. 

A few small sporadic outcrops of rocks of the Par stage are exposed 
round about Seonhra from underneath thick alluvium. The rocks are 
deep red quartzites, quartzitic sandstones and hsematitic shales (often 
papery) with a few interstratified siliceous or cherty banded layers. On 
weathered surfaces a thin granular incrustation of hsematite is often 
present. In age the rocks belong to the older division of the Gwalior series, 
a member of the lower part of the Cuddapah system of South India. There 
is very little structural disturbance visible in this series, the stratification 
being for the most part horizontal, bxit here and there local disturbances 
of dip are discernible with occasional sharp folding of snoall amplitude. 
One of these folds, a narrow sharp monocline near Nardha, on the Sind river, 
has snapped and the resultiog fissure being filled up by quartz and galena, 
has given rise to a vein, which constitutes the lead deposit under 
consideration. The vein is for the most part buried under deep alluvium 
and is exposed only for about 20 yards on the south bank of the Sind 
river. To the north it rapidly branches in the course of a few yards, 
into thin stringers of quartz. Around the fissure or in the mass of 
the country rock, there is no indication of any degree of supeirinduced 
mineralisation, nor is there evidence of igneous action in the immediate 
vicinity either of the nature of contact or intrusion, having affected 
the rocks. 

The vein outcrop is only about 20 yards in length. It runs due 
N.E.-S.W. and hades steeply to S.E. It is from 6 inches to 1 foot in 
width. The vein-stone is white quartz in which nests and irregular 
masses of coarsely crystallised galena are dispersed. It is impossible 
to trace its course to the south because of the thick overlying alluvium, 
while to the north (although it can be traced to the opposite bank of the 
river) it is rapidly impoverished in its ore-content by repeated branch¬ 
ings into a mass of barren quartz-stringers carrying insignificant quantities 
of galena. 
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Besides galena, the oxidised ores, cemssite and pyromorphite occur 
in the exposed parts of the vein. There are no associated rainerals present, 
except tiny patches of malachite and a few pyrite grains. There is no 
hlende, argentite or stibnite. 

Ciipellation tests to determine the silver content of the lead ynelded (as a 
mean of 3 determinations) 4*76 oz. of silver to the ton of ore. The silver 
content of the vein is not therefore a promising factor in its economirs. 

In view of the thinness of the vein, the sporadic nature aJid the 
limited area of the outcrops of its country-rock, coupled with the 
state of mineralisation of the latter, no liberal estimate can he formed 
ot the quantity of galena available at this locality. The fault-fissure is not 
of any considerable rliinenaions and there is no evidence to suggest any 
considerable widening v-dtli <lopth. 

1). N. Wadta. 

Ochre Pits around Daroli. 
About 6 miles west of Nardha, Seonhra Telisib Balia Stale, a few pits 

have been dug into rocks of the Par series from which red ochre of good 
quality is extracted. Lithologically the ochre beds belong to the highly 
termginous portions of the Par stage of sandstones and shales. The 
ochre is soft, easily friable and sectile, fine-grained and entirely free 
from giit. If its occuiTence over a fairly wide area can be established 
among the Par outcrops of the neighbourhood, there are good prospects 
ol iislicing successfully worked for the manufacture of red paints. 

B. N, Wadta. 

Note on the oil»shales of Mergui. 
Thin-hedJed shales of varying thickness and colour have recently been 

found in the river valleys of Tavoy and Mergui in Bunna. Tiiey are 
considered to be of Tertiary age and are often associated with bands of coal. 

The earliest reference to deposits of this kind is by Br. Heifer'^ who foimd 
a slaty coal ” 5-6 feet thick, with a dip of about 20® occurring in a branch 
of the little Tenasseriin, 5 days" march above the village of Tenassorim in 
a S. E. direction. The latitude given, 11®52'37^ agrees faii*ly well with tlie 
latitude of the locality of the shales found by me. Dr. T. Oldham who visited 
the same area some years later found coal seams of varying thickness (0-4^ 
to 2'-0) south of Namigbwa, a ruined village on the Theinkun, in Lat. 
40 ; Long. 99°29'10^ He estimated the associated sandstones and shales 
to he about 200 feet thick, and considered that the ‘ slaty coal" was really 
a very earthy bituminous shale with only a few inches of good coaL=^ 

The oil-shales found by me are probably the same, though Br, Heifer 
mentions that coal is found in other places also. At the time of my 

^“Report on the cejal cli«covered in the Tenasserim Provinces.” J,A. S.B.^Ydl 
VII, p. 701, 1838. 

“ The Provinces of Ye, Tavoy and Mergui ” Second Report, pp. 37-40, 1839. 
2 « Papers on the Geology and Minerals of British Burmah," p. 375. 
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\iMt (Jail. 10;22) lliorc lunlbeen continuous heavy rain for a wc(‘k and the 
river flooded. Only the top ol the bod* ^’isib]e ronsibtins? of a 
dark tliiuiy laniiiiated shale passing down into a light-coloured reddish shale. 
TJierc arc bright patches in the partings and t.he beds which are about 6 feet 
thick dip N.N.E. at about 15°.^ 

The Theinkun is a branch of the Little Tenasseriin liver. The tide 
is Jelt up this stream as far as Letpanthaung about a day-and- 
a-hall''s journey from Tenasseibn village. Thence the journey can ])e 
accomplished in small canoes up the Theinkun riverj- whh'h during the <h\' 
season is not navigable for about 15 miles below Naungbwa. The valley 
oC the Theinkun, here about 7 miles long and about miles broad, is 
probably entirely made up of these Tertiary deposits. 

The locality is about 35 miles from Prachuab Kirikau. an important 
railway station and port on the Gulf of Siam. The pass leading into Siam is 
about 750 feet above sea-level or 400 feet above the Theinkun valley. On 
the other side of the pass the rocks are gi*anites. No Tertiary deposits 
were seen on the route to Prachuab Kirikan. The connection of Mergui 
with the Siamese State Eailwaj’’ along the Theinkmi valley has been under 
cojisideration, and if any such project eventuated, the oil-shales are worth 
fui'ther examination. 

The neighboui‘ing river valleys wouIJ also be worth a detailed search 
for similar deposits. 

M. ViNAYAK RaO. 

Note on the Age of the Limestone opposite Martaban Railway 
Station, Thaton District, Burma. 

Professor J. W. Gregory, F.R.S., who \'i8ited Moulniein in October 
1921 has kindly giveii me permission to publish the following note on the 
age of the limestones opposite Mai*taban Railway Station. 

Ill these limestones Prof. Gregory discovered the following species of 
Faloianodonta :— 

Pdlceanodonta oJceiisis Amalitsky 
Palceanodonta subcastor Amalitsky. 

Both these species arc characteristic of the upper horizons of the Permian 
marls and sandstones of the Oka-Volga basin, which according to Amali¬ 
tsky correspond to the German Zechstein. 1 may add to the above infor¬ 
mation kindly given to me by Prof. Gregory that the Martaban limestone 
is of a dark colom’, and thus corresponds to the dark coloured Anthracoli- 
tio limestone of the Shan States {vide La Touche, Mem. Geol. Sur. Ind., 
Vol. XXXIX, p. 256) in appearance rather than to the grey type which 
characterises the Devonian, 

G. BE P. COTTBE. 

1 Thin flakes of the bhalo burn well when ignited with a match. 
° Theinkun village is about 2 miles across the bond of the river from Letpan- 

thaung. 
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The Classification of the Terebridaj. 
Ill a pajier oiititled Illustrated Comparative Dia^uoses of Fossil Tcre- 

bridae from Biuiua,”^ I mentioned my inability to trace Dali’s classifioaliou 
of the Terobridso of which an abridged outline was publishe<l in the ^‘Nau¬ 
tilus ” in 1908. Thanks to the information conveyed through the couj'tesy 
of Mr. Woodrinfi of the United States Geological Survey, I have been able 
to consult the full classification.^ In this paper Dali has shown that 
caria and Hastula are genericaliy separable from Terebm on anatomical 
grounds. Ilastula is distinguished from Teiehut by the presence of a radula. 
Duplicaria also has a radula but differs from Ilastnla and koin Terebra 
by the absence of a poison gland, of eyes, and of tentacles. Diiplicaria 
is readily distinguished by the external characters oJ the shell. Much hesita¬ 
tion is sometimes felt in separating Ilasiula from the Myiuella section of 
Terebra, A renewed study of the shell of Ilastula to establish its precise 
distinctive characters is desirable. 

E. Vkedenburg. 

^ Rec, Ocol, Sure. Ind.^ Vnl. LI, p. 341, 1921. 
nV. H. DdU; Bull. Mut. Comp. Zoo., Vol. XLIII, No. (5. pp. 215-250, 1908. 
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THE GECLOGiCr.L SU^A'EY OF -NMA 

Part 4.’ d923 [ Se-atsmbsr. 

The Geology of Western Jaipur. By a. M. Heron, 

D.Sc. (Edin.)d F. G S., Officiating SupmntcnJent^ 
Geological Suney of huVa. (With Plates 22 to 28.) 

INTRODUCTiOM. 

HTHE geological survey woik of ^hicL tFis paper is an account 
JL occupied me during about baK of tie field season 1911-12, 
and the whole 01 the season 1912-13, and Was part of the programme 
of the Ea^putana and Central India party under the superinten¬ 
dence of Sir. C. S. Middlemiss. 

The area included is about 9 OCO square miles and on the accom¬ 
panying map Lhe geological results are reduced from the actual 
scale of suivey, which vas one inch to the mile. For convenience 
in printing and to Iceep it to a seasonalde si^e, the map does not 
extend to the actual boundaries of the State, but so far as solid 
geology is concerned, what is excluded Is ruite negligible. To the 
west is a line of outcropt oi the L>elhi Sybtem, running from the 
Shekhawati hilk towards the Samhhar Lake, which however are in 
border tenitory administered joIliIv by the Jaipur and Jodhpur 
States, and to the south of the railway, between the boundary of 
the State and that of the map, are a few outposts of the gneiss of 
Ajmer and Kishengarh, All the rest is sandy desert or alliivial 
plain. 

To the east the map abuts against and overlaps slightly those 
accompanying my papers on "‘The Delhi System in STorfh-Eastem 
Eajpiitana (JZew?., ScoZ. 7/Voh XLV. Pt. 1), ‘^The Biana- 

( 345 ) 
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Lalsot Hnis’’ (fite., Ceoh Sun\ Ld., Vol. XLVIII, pp. 181—203) 
and “The Vindh}a]i and Gwalior Systems in Eastern Rajputana’’ 
(in the Press), the relevant parts ol which complete the geology of 
the Stfte. Besides Jaipur State, the present account includes the 
Chiefship of Lawa, parts of Tonk and Sundi States, and of Patiala 
and Fabha States in the north. 

The only previous observer is 0. A. Hacket, who has very briefly 
outlined the geology and mineral occurrences of economic interest 
in three papers : — 

“ Arvali Series in S’. E. Rajputana,” Bee., Oeol. Su*‘v. Ind., 

Vol. X, (1877). 
“ Useful llinerals of the Arvali Region/’ Bee., Geol. Surv, 

hd., Vol. Xm, (1880). 
“ Arvali region, Central and Eastern/’Bee., Geol. Surv. Ind.^Yol. 

XIV, pt. 4, (1881). 

P. N. Bose just touches the north-eastern corner in his “ Geology 
and Mineral Resources of Narnau^ District Bee., Geol. Surv. hid., Vol. 
xxxni, (1906). 

FORMATIONS PRESENT. 

Several of the formations in the table on the opposite page may 
be dismissed in a few words. 

The Raialo limestone and quartzite just enter the area from the 
east,^ visibly thinning out, and are absent in all the other sections 
where the base of the DtUii System is seen. The Kushalgarh lime¬ 
stone and the Lornstone breccia, which in Alwar separate the Ajabgarh 
and the Alwar Series, are also missing here and the latter formation 
passes insensibly upwards into the Ajabgnrhs. 

The Malani volcanics are represented by a few knolls around 
Jhunjhnu, in the extreme north-west, coloured by Hacket as gneiss 
on his map ; but I obtained specimens through the Nazim of Shekha- 
wati, and found them to be typical Slalani rhyolites with quartz 
phenocrysts; they thus form a connecting link between the main 
development of these beds near Jodhpur^ and the widely separated 
locality of Tusham.® 
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The G'vvalior and Vindhyan outcrops arc near Bhagwantgarh 
and Sawai Madhopur, in tho south-east corner oi the State, outside 
the present map, and are described in a Memoir now in the press. 
The position of the Gwalior System chronologically with regard to 
the Delhi System is uncertain, all that is known being that the 
Lower Yindhyans rest on the Gwaliors with a strong unconformity, 
and that the Gwaliors and ^iravallis are faulted against one another 
near C?hauth (Chout) ka Baiwara. Comparing their degrees of alter¬ 
ation, the Gwalior System must be considerably younger than the 
Aravallis and may perhaps be even younger than the Delius, but, 
as I say, the question oi their relative age is a matter of conjec¬ 
ture. 

The Yindhyans of Western Rajputana ^ have been laid down on 
the folded and denuded Malani volcanics; the latter I have suggested 
elsewhere^ may be an uppermost division of the Delhi System. 

The Axavalli System and the Alwar and Ajabgarh Series of the 
Delhi System, with their respective igneous intrusives, I shall des¬ 
cribe in some detail in the following chapters. 

The Jaipur State may be said to consist of two great plains, 
divided by the Shekhawaii hills. The northern, the semi-desert 
tract of Shekhawati, slopes gently north-westward from the base of 
the hills towards the Jodhpur and Bikanir frontiers and is drained 
by the Kantli and other minor streams which disappear into the 
sands within the confines of the State. The central plain has its 
greatest elevation on a line running due north from Jaipur City 
along the western foot of the hilly country on the Alwar frontier. 
Its drainage finds it^ way westwards into the salt lakes of Sambhar 
and Kuchor-Eewassa, northwards into the sands by the Kantli and 
the Basi riveis, thi'ough gaj)s in the Shekhawati hills, and south¬ 
wards flows into the Banos by an extensive system of tributaries. 
The watershed is quite independent of the hill-ranges, and tho rivejs 
have often cut their way through great belts of quai’tzite, as for 
instance the Banganga at Rami^a^h and the Banas at Eajmahal, to 
mention two of the more striking instances. 

Curving round the north of the central plain are the intricate 
ranges forming the Shekhawati and Torawati hills, and the wild 
country extending along the Alwar border fiom Torawati as far south 
as Jaipur City. The southern portion of the plain is open but 
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traversec by several low interrupted ridges with a general N.E.— 
S.W. trend and douted with various clusters of hills and isolated 
summits. 

The Shelihawat’*, TorawaTii and the border hills are made up of 
rocks belong*ng ^o the Delhi System and owe their prominence to 
the superior resistance of these, while the plain, if the alluvium were 
removed, would be seen to be floored with -.ixavalli rocks, which 
only exceptionally project above the surface. As outliers from the 
main Delhi massif there are at Chandspuin, ISTawai, Rajmahal, Dhulo 
and Banskho, isolated and highly compressed synclines of the Delhis 
caughb up In the ^iravalli complex into which the Delhi System has 
been folded. 

A& usual, the materials for the study of the Arav^Ui System are 
scanty, owing to the way in which groat expanses of it are covered 
by thick alluvium, without showing an outcrop; when exposures do 
occur they are more often than not quartzite bands or groups o£ 
quartzite layers, which stand out owing to their hardness, ‘and this 
predominance of quartzites in the visible portions o£ the formation 
tends to give one an undue idea of their relative importance; wherever 
any considerable area of the Aravallis is available for examination, 
they are seen to be essentially argillaceous (or micaceous) rocks in 
which siliceous types play a minor part. 

Both the Alwar and the Ajahgarh Series show more intense 
folding and alteration than they do in the country to the east, already 
described,^ doubtless owing to the proximity of this area to the 
core of the ancient xiravalli Range. Still further to the west, in 
Ajmer-Merwara, plication and metamorphism. are still greater. Igne¬ 
ous intrusions, comprising sill or laccolite-like masses, veins and 
minute lit-par-lil injection sheets of cpidiorite, bosses of foliated 
granite and large veins of pegmatite, are in great profusion and 
invade the Ajabgarhs as well as the Alwars; in the country to the 
east intrusives are rare in the Ajabgarhs. The area is in short one 
of great complexity but when the dilfioultics are overcome the results 
amply confirm my previous work. Had I commenced my survey 
here instead of in Alwar the unravelling of the sequence of the 
metamorphosed sedimentaries would have presented serious difficul¬ 
ties; on the other hand, the abundance of the igneous intrusives 
makes their relationship to the invaded rocks and to each other 
much clearer. 

* Mem., Geol. 8urv. Ind., Vok XISV. 
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Generally speaking, tlie geological structure of alternating anti¬ 
clines and synclincs is the same as in Alwar and the Lakot-Biana 
area but the folds are more elongabed and closely compressed and 
the prevalence of regular isoclines dipping to the north-west is less 
noticeable. In the areas occupied by the Delhi System which have 
been examined during the last few years, it has been usual to find 
the Ajabgarhs occupying subordinate synclinal valleys (outliers) 
folded into extensive mrssifs of the Alwars, bub in the Shekhawati 
and Torawati country the Ajabgarhs form by far the major portion 
of the rocks exposed, the Alwars emerging from below them as 
anticlines (inliers). Not only are the rocks more highly metamor¬ 
phosed than in the country to the east, but the number and magni¬ 
tude of the igneous intrusions are greater, and, what renders the 
geology specially difficult to decipher, is the way in which the folds 
are pressed into narrow complex sjTiclines which, when cut across 
by denudation in horizontal section, exhibit in plan sinuous and 
intricate outlines. Inversion occurs almost as often as the normal 
sequence ;* there is no datum line to work from, such as the Kushal- 
garh limestone or the unconformity at the base of the Delhis, and 
in the Ajabgarhs there are occasionally siliceous bands which are 
liable to be confused with the Alwars. 

THE ARAVALU .SYSTEM. 

Except in the south of the State the AravaUi outcrops consist 
of small isolated hiUs, usually of quartzite, standing alone in the 
alluvial plains, or narrow strips emerging from below the base of 
the Alwar quartzites and conglomerates, which rest on them with 
a profoimd unconformity. In the south however they form several 
continuous ridges and groups of small hills, elongated in the direc¬ 
tion of the sirike, and it is evident, from the debris brought up 
from many of the deep wells, that Aravallis extend over a very 
large area in which they do not appear at the surface. 

They are divisible into metamorphic rocks of clearly sedimentary 
origin, and intrusive epidiorites, granites, pegmatites and quartz 
veins. In using the term “Axavalli System'" to include all the 
rocks below the unconformity at the base of the Delhi System, a 
reservation must be made—^that it is possible that representatives 
of more than one geological system may be present bdow the un¬ 
conformity* In the portion of Eajputana which has so been 
geologically examined, exposures of the pre-Delhi rooks are so 
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small and scatoered, and conblst so largely of igneovs rocks, tliat 
we must admit; our scanty knowledge oi bnelr composition. 

Metemofphks of Sedimentary Orisia. 

Perhaps the most noticeable feature of the metamorphics is 
their uniformity in composition and in strike over the whole area. 
They are almost exclusively argiUaceous rocks varying in degree 
of alteration from hardened but uncleaved shales to coarsely foliated 
crystalline schists containing staurolite or large garnets in great? 
quantity. Generally speaking, the fai‘ther we proceed along the 
strike towards the south-west, the greater does the alteration be¬ 
come, but there are many exceptions to this, depending on the 
local abundance or absence of intrusives. 

Quartzites are locally present, usually impure, argillaceous and 
ferruginous, but they form zones of thin-bedded strata with shale 
or schist partings, rather than massive beds. They are generally 
very highly altered, vitreous and closely jointed, and stratification 
is usually obscured except for the above mentioned partings. 
Schistosity is often developed, coinciding with the bedding, and 
causing crumpling and pinching out of the laminae. In contrast 
with the Alwar quartzites ripple-markings were never observed. 
Owing to their superior hardness the quartzites are more prominent, 
forming hill ranges and peaks, than the schists occupying the lower 
ground, though the area which the latter cover is much greater. In 
colour the quartzites are dark red, brown or dark grey, occasionaliy 
of pale tints of these colours or white, and they weather with a 
rough and rusty surface. 

The slates are browu, olive or blackish grey, becoming silvery 
by the development of mica in the more altered varieties. Strike 
is wonderfully constant over the whole area, varying little from 
N.E.—S.W. The dip is as constantly to N.W. at high angl^^s, 30® to 
vertical. By dip is meant the inclination of the planes of folia¬ 
tion, which coincide in the main with the bedding. 

As wdl as metamorphosed shales and quartzites there also 
occur schistose oonglomerates and grits, impure argillaceous limestone 
and epidiorites of uncertain origin, but these are strictly 
subordinate and will be described in the detailed description of 
exposures. 
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Igneous Intrusives. 

The schists and quartzites are copiously injected with veins of 
quartz and pegmatite, especially the schists, to which the pegmatites 
are practically confined. 

Obviously the greater hardness and lesser fissility of the quart¬ 
zites present mechanical impediments to igneous intrusion. Besides 
pegmatites there are many granite bosses, usually rising from the 
alluvium some distance from any outcrop of the sedimentary meta- 
morphics, but which are so situated with regard to these, and which 
are so similar in composition to, and so graduate into, the intrusive 
pegmatites that there is little room left for doubt that granite and 
pegmatite have the same magmatic origin and are both intrusive. 

Little need be said about the quartz veins. They are either 
pure white or with greasy lustre and slightly ferruginous. A small 
amount of tourmaline may occur in them. They often take the 
form of small siUs, following the planes of schistosity for some 
distance; in some cases where the injection has been copious on a 
small scale and pressure has subsequently taken place, a quartz-mica 
schist has been produced in which the quartz appears as lenticular 
layers rolled out between the folia of mica. It would seem that 
these quartz veins produced less alteration in the country-rock than 
did the pegmatites. They must be of several ages, as near Lalsot 
they are seen cutting through, and therefore subsequent to, the 
Aiavalli pegmatites and yet are cut off at the unconformable junc¬ 
tion with the Alwars, though elsewhere they are often found of a 
later age penetrating both Alwars and Ajabgarhs. 

The granite which is taken to be intrusive in the Aravalii System, 
and on an eroded surface of which the basal beds of the Delhi 
System so often lie, has been described before.^ It is a biotite 
granite, usually porphyritic and foliated and often traversed by 
tourmaline pegmatite veins. In the present area it is only met 
with at Morijo (27° 10', 75° 49'), near Isarda (26° 10', 76° 5') and 
south-eas: of Dhule (26'^ 56', 76° 12'). The granite shown on the 
map 2 miles west of Eakor (26° 1', 75° 69') is an occurrence of the 
younger granite which is intrusive in theDelhis and of course passes 
through the AravaUis also. The two are similar mineralogically but 
can 1(6 distinguished in the field. 

^ OeoL Surv. Ind,^ VoL SLV, pp. 15—22. 
Vol. XLVli, p. 18C. 
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On the western frontier of the State, mainly soiiijh of the ivnl- 
way, another granite, or gneissic granite, is found, of the type which 
is so greatly developed in Ajmer and Kiohengaih. At E-irela 
(26° 17', 75° 3n3') it is veiy coarsely po^j)hyxitic and dark in colour, 
and consists of large jmle pink or white I'licrocline phenocrysts in a 
fine-grained derk groiindmass, chiefiy of biotite. Quartz is not 
visible in hand specimens brt under the microscope is seen to occur 
with microcline in small crystals in the groiindmass. The micro** 
dine of the phenocr3’bts is graphically intergrown with quaitz. 

There are no pegmatite nor quartz veins. The rock is, in places, 
distinctly foliated, the phenocrysts subiounded, with the micaceous 
fine matei'ial drawn in cim^os round them. 

The group of hills stretching south-west f/om (-fanor (26^ 22', 
73° 23') is obviously composed of a rock very similar mineralogi- 
cally to that of Xarela but iu a much greater state of pressure altera¬ 
tion. It is a very distinctly banded gneissio rock, vlth only traces 
of augen,” with nairow black bands (mica) and thicker bands of 
pink (quartz and felspar), much tvvisted and contorted, but with a 
distinct goneial north-westerly dip of the foliation plane.-), Jilicros- 
copically it is seen at Ganor to consist of quartz, microcline, oruho- 
olase, brown biotite, ilmenite and apatite. The rock in the group 
of hills next adjoining to the south is the same but contains also 
hornblende, sphene and very numerous corroded -pmk garnets. A 
clue as to the age of this granite is given by a small exposure at 
Asilpur Station (26° 56', 75° 29') where a very black micaceous 
“ augen gneiss/’ resembling the above, is intrusive in quartzite. 
It has augen ” or phenocrysts of pink felspar, arranged in straight 
lines, and is so well and sfcraiglitly foliated that it splits into slabs 
used for building. Veins of normal pegmatite run through it and 
the quartzite. If this is the same, it would seem to he intrusive in 
the Aravallis and older than the pegmatite intrusions. 

The pegmatites have a much wider distribution, in fact wherever 
any considerable extent of the micaceous Aravallis are exposed, 
pegmatites are present, but are practically absent from the quart¬ 
zites, owing to the greater resistance which the latter ofiered to the 
forces causing intrusion. They form masses of all sizes from a frac¬ 
tion of an inch up to many yards across and occur mostly as layers 
running along the foliation of the schists, i,e., along the strike. 
They are never in the least degree schistose, however much the 
schists carrying them are foliated. They vary in grain jEcom medium 
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to extremely coarse, and vary quite irregularly and sharply. This 
seems in part due to motion having taken place during crystallisa¬ 
tion, brealdng up crysbal aggregates. 

The mineral constituents are quartz, microoline, orthoclase, mus¬ 
covite and tourmaline. Acid plagioclase is doubtfully present. The 
quartz is characteristically intergrown with orthoclase and microcline, 
both micropegmatitically and in graphic structures visible in hand 
specimens. These pegmatites differ from the boss granites associated 
with the Ara\"allis only in their texture and in the presence of tour¬ 
maline, and are identical with the pegmatites in these granites.^ 
The question then arises—are the pegmatites in the schists 
apophyses of the boss granites, the pegmatites in the granites repre¬ 
senting the residuum which has not been extruded, or are the peg- 
matitep of the schists and granites both newer than the granites 
and have they intruded both schists and granites at the same period ? 
This must for the present remain unanswered. 

Like the granites, there are pegmatites of at least two ages— 
the above described, which were intruded and denuded before the 
Delhis were laid down, and a younger set, which invade the Delhis, 
and are distinctly subsequent to the post-Delhi granite, itself intru¬ 
sive in the sedimentaries of the Delhi System. 

Description of Exposures. 
The most continuous Aravalli exposure is the remarkable ridge 

which extends in an almost straight line for eighty miles from near 
the termination of the Lalsot hills to the extreme south of the State 
and beyond, far into North Mewar. It might seem from a casual 
glance at the map that this ridge is a continuation of the Lalsot 
hills, but this is not the case. It is true that the ridge, if produced 
along the strike north-eastwards, would pass near Lalsot, but it is 
almost certain that beyond the point at which it disappears below 
alluvium its strike curves sharply eastwards and it reappears in the 
three small hills at Bagri (highly metamorphosed and quartz-veined 
quartzite). The parallel groups of hills to the westward, passing 
through Tonk and Siris, are clearly seen to trend in that direction. 

Throughout both these hues of exposures Hacket^ has mapped 
quartzites as Delhis and mica-schists as AravaUis, thus erroneously 

1 Mem., Geol. JSurv. Ind., Vol. XLV, pp, 20—21. 
* 5ec„ Geol ^urv. Ind., VoL XIV. 
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carrying on tlic great nnconlormity oL the Lakot-E ana hills throrgli 
a perfectly conco-dant sequence of beds. In xlew oi the voiy 
impoitant bearing this has on the interpretation of the geology of 
North Jlcwai, I shall describe this belt oi connoiy in some deto^il 
and attempt to clear up this misconcepoion. 

The Baonli ridge consists of schists (Aravallis of Eacket) dipping 
at about 80° under a thick baAd of quartzite (Dclhis of Eacket). 
There is ceitainly no unconformity between these—they are both 
members of the same conformable sequence. The strike and dip 
of both are everywhere perfectly concordant, there is no trace of 
grit nor conglomerate on the junction and, throughout the many 
miles along which the beds were followed, the underlying schists 
are the same except for slight changes in the degree of metamor- 
phism and the amount of quarfcz veining. If an unconformity were 
present over such a distance, difierent beds would at difierent places 
be overlapped by the quartzite. Near the north end of the ridge 
the junction is well exposed at intervals for about two miles, with¬ 
out a sign of grit and with the beds quite paraUel. The division 
between quartzite and schist is abrupt, but near it the former 
becomes very thinly bedded, and beyond the dividing line, inter¬ 
calated in the schists, are several thin and somewhat lenticular beds 
exactly like the quartzite. About a mile to the north-west, f.e., 
above the quartzite and therefore in the Delhis according to Hacket, 
are twQ exposures of the typical Aiavalli granite on which, every¬ 
where else, the Delhis lie unconformably, and, in several places above 
the quartzite, schists similar to those below are exposed, confirmatory 
evidence, if such were required, that the micaceous and siliceous 
beds are not separable into two series, but are both Aravallis. 

The quartzites are reddish, thin-bedded, and rather highly 
jointed and altered. They are thick and prominent at Baonli but 
thin out to north-east and south-west. About five miles south-west' 
of Baonli they seem to die out or to become micaceous but they 
reappear after a space, either on the same horizon or a higher 
one. The schists are reddish and greenish, well foliated, and bearing 
quartz veins, often in lenticles rolled out along the planes of 
foliation. 

The hills due south of Baonli, near Sarwar, are composed of a 
foliated hornblende-quartz rook with streaks of unmixed hornblende 
rock along the foliation, and weathering after the manner of a gneissio 
granite. I was unable to satisfy myself as to whether it is wholly 
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an igneous rook, o£ a type not yet met mth elsewkere, or quartzite 
intimately injected with the ordinary hornhlendic “ trap ”, or 
epidioxite. 

South-wesI; as far as Sarsop (26"^ 11', 76° 7') the quartzite band 
is very narrow, with schists exposed above and below it, but at 
Sarsop rises a prominent hill, crowned, like all the eminences of the 
neighbourhood, with the inevitable foit. The hill is formed by a 
thickening of the quartzites combined with a local resistance to 
denudation in the '^chiscs, and beyond it the lidge rapidly diminishes 
in height and breadth again. A section is exposed where the railway 
passes through, in which the quartzites are seen to be flaggy and 
twisted, with a certain amount of interbedded mica-schist in thin 
layers, and are irregularly compressed and pinched out. 

From the Banas Hlver the ridge continues unbroken and of a 
faiily uniform breadth to Gar (26° 52', 75° 14') where it is inter¬ 
rupted by alluAuiim, and, W'hen it emerges again four miles farther 
on, the quartzites are found bo have split into a group of thin 
layers in the schists, and near Avvan they pass in this phase out of 
Jaipur into North Mewar. ‘These quartzite layers are considerably 
puckered and contorted without departing from the general strike 
and dip. Throughout this eighty miles of almost continuous out¬ 
crop the dip of the strata, to north-west at 80°, or vertical, has 
been remarkably constant in direction and amount, and the roots 
themselves have not varied in general character, though differing 
fi*om point to point in the relative proportions of quartzite and 
schist. 

Running parallel to the Baonli-Awan range a shoi-t distance to 
the north-west is a much-interrupted bolt of schists extensively 
intruded by pegmatite and with one or two bosses of granite. Un¬ 
fortunately exposures are poor and it is only in the hills south-west 
of Diini (25° 52', 75° 35'), that much information can he gathered. 
There the schists are highlj^ crystalline and crowded with large jiink 
garneiss. The pegmafite is of the normal type, of white oi' pale 
pink orthoclase, quartz (often graphically intergrown with the 
orthoclase) muscovite and tourmaline, and often contains garnets 
as well, perhaps derived from the schists passed through. The 
veins are as a rule intruded along the planes of foliation; in certain 
places they appear interbedded with the schists, so closely do they 
keep to the foliation planes. In dimensions the veins vary from a 
fraction of an inch up to many yards across; sometimes the schist 
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is quite siiboidiiic t- in amoiTu comjpaied witb fcbe The 
other tTro expo&ii cfs. on th’s b Ifc, noith-Trc^t oi IvaJsor and ziocr 
Isarda (2j 10'. *"0° o) ara mach concealed sojL but so Jar as saen 

are s'milai* to that oJ T mi. ITear th*s hand at Shakra, K?bru, 
Sewsr, and BL's are hills, emngated in a diiection transv^C-se to 
the general stiike, composed oI massive ciyotalline qmitz. asso¬ 
ciated with normal pegmatite and qvartz-muscovlte pegmatite. Still 
farther tO the noxth-west is another •rell marked belt Ox hills com¬ 
mencing at Tonk City (26° 10', 76° 51') and running nortL-easj as 
far as the end of the Baonli-Awan lidge. Near Tonk they are a 
broad mass of hills, through which the Banas River, but a 
short distance along the strike they narrow to a lidge, with dis¬ 
connected fragments of a second parallel to it. They consist of 
alternations of mica-schist and thin rusty quartzites, schistose and 
argillaceous or micaceous, dipping noith-Wcst at angles of 80° to 
vertical. YaUeys are formed along the zones where mica-schist 
predominates (sparingly veined with quartz and the usual peg¬ 
matite) while peaks and ridges mark the strike of the more quart- 
zitic belts. Here again Hacket has mapped quartzites as Delhis 
and schist as Aravallis throughout a conformable sequence. 

Scattered over the great plain lying between the Banas River in 
the south and the Shekhawati and Torawati hills in the north, are 
evidences of the continuity of the Acavallis beneath the alluvium, 
some of these being strips of mica-schist appearing below the base 
of the Delhis in the outlying synclines of Rajmahal, Chandsain and 
Nawai; others, these being more often quartzites, show as 
isolated hills amidst the alluvium. The main spread of the former 
type is around Rajmahal, where foi several square miles the alluvial 
mantle is very thin, allowing the underlying rocks, mainly garneti- 
ferons mica-schists and pegmatites, the latter carrying beryl, to 
appear here and there at the surface. It was on these that the old 
garnet mines of Jaipur wore worked, where garnets had weathered 
out of the schists and collected in hollows on their surface. 

Of the latter class a belt runs tom near hlundeta (27° 1', 75° 38') 
through Kalegh and Asilpur, expanding into a group of hills, 
considerable both in area and height, near Bechun, of very highly 
altered, vitreous and coarsely crystalline quartzites and mica-schists 
invaded by small masses of foliated granite and by later veins of 
tourmaline pegmatite and tourmaline-qiiartz rock, which cut through 
the granite and are never foliated. 
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Nortli of Bad (26° 50', 7*'° G') is a semicircular ridge of rocks 
wliich. show certain differences from the Aravallis so far described; 
they are light and dark coloured quartzites, much jointed and thin 
bedded, with intercalated bands of micaceous crystalline limestone 
and amphibolites. In the eastern half of the semicircle dips are 
towards its centre, in the western half they are outwards. Near 
here, at Dadeha, south of the Dhule S5nacline, are several sharply 
peaked hills of fissile quartz-magnetite schists, extensively brecciated, 
and west of Kalaotha (28° 38', 76° 29') is a group of small hills of 
very heterogeneous composition—^amphibolites, slates, mica-schists, 
highly jointed white quartzites and schistose quarts conglomerates, 
they quite evidently are continued by the very similar exposures 
south and north-east of Gudha (27° 4', 76° 31') into the massive 
conglomerates below the base of the Delias at Rewasa.^ 

From Dausa (26° 54', 76° 24') running north-east along the 
railway, is a band of Aravallis dipping north-west at 30°, a bed of 
schistose quartzite, white and micaceous, lying conformably on black 
mica-schists containing staurolite and some garnets. They are copi¬ 
ously penetrated by very thick white quartz veins, which supply 
material for glass bangle making in Agra. In the schists are some 
thinner quartzite bands, extensively quarried at Bhankari and 
Kalaotha for paltis ” or pattis ’’ (beams) and katlas ” (flag¬ 
stones). 

South of Basi, emerging from below the enormous development 
of arkosc conglomerates which marks the base of the Delhi System 
at Lelgarh (26^^ 47'. 76° 9'), is a group of ancient volcanic rocks, 
considerably less motamorphosed than the Aravallis to the south 
and west. The lowest beds seen are fine-grained hornblendic roclcs, 
contrining also grains of iron-ore, epidote and quartz, and with 
spherical vesicles filled with crystalline quartz. In the field they 
look exactly like greenish amygdaloidal lavas. Associated witli 
them are regularly bedded or banded strata of quartz and epidote 
with, in certain bands, much biotite and ihnenite. These doubtless 
represent bedded tuffs. A little to the south rusty slates and 
impure limestones appear, dipping at an angle to the base of the 
overlying basal conglomerate of the Delhis and striking against it. 

All these outcrops (Basi, Dadeha, Kalaotha, Dausa and Lal- 
garh) axe somewhat aberrant from the other Aravallis of Jaipur 

^ Mean*, Qed, Surv, Ind.^ VoL XLV, p. 17. 
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in tlieir heterogeneous ccia^iosltlon, I^-s cLc^iee oi aloei..c*on Cuni 
u aoimt of igneoLis intiTsion Liid. ol •'^here is 
howeye-r no douot as to tho- prc‘--^a!in rie, -or Jh<^h on wkh 

jegard to the oase of uhe ^elli r^^osed in the Dhule 
syneLne, the Lai%a:*h i *dge and iLc h ne north of Basi, 
makes it clear that ohe i^elhls re^t on tlem nnconformablj’; they 
may however h along to another pre-Jeihi s^^btem d’stinoo from the 
^Iravallis. 

THE DELHI SYSTEM. 

The Alwar Series. 

Before descriLIng the main exposures of the Alwar Series in the 
Shekhawati and Torawati hills, I may briefly describe the isolated 
svnclines in which the basal beds of that formation occur folded 
into the Aiavalli complex. 

The hUl at Dhule (26° 66', 76° 12') is an oval syncbne of 
quartzite, grits and felspathic rocks. The actual junction with the 
underlying Aravalli granite is covered by debris^ but just above the 
granite is a conglomerate of quartz pebbles in a reddish felspathic 
matrix, and this conglomerate is repeated on the west side of the hiU. 

In the Lalgarh (26° 47', 76° 9') ridge, at its south-eastern end, 
the basal cong^merate lies on the iiTegular surface of a quartzite, 
a diotinctive rock faintly mottled with red, and the boulders in the 
conglomerate, some of which are angular and of gueal size, are 
obviously derived from the underlying quartzite. Puithei to the 
north-west along the ^Lidge the conglomerates are very coarse, the 
boulders of granite being of three or four feet diameter, and they 
show no signs of bedding save in a very occasional finer band. The 
ingredients ^are coarse-grained unfoliated granite with little mica, 
cream-coloured crystalline limestone, tremolitic limestone, quartzite 
finely banded in fines of black and dark grey, dark and pale homo¬ 
geneous quartzites and red jasper, (but practically no vein quartz), set 
in a micaceous and arkose matrix. The granite boulders are rounded, 
the otheis subangular. No pebbles of trap are present. In the 
few oases where dip can be made out, it is at 25°—^30° to north- 
north-east. North-west of Lalgarh granite boulders are absent and 
the rock is foliated in a direction perpendicular to the presumed 
dip. (PI. 22.) 
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Ha eke considers tliat the quartzite boulders of the conglomc/fttc 
*vrere derived from the prominent quartzite of the ridge, and iljat 
the banded semi-;«a&pideou& ^^ock and yellow limestone'’ are oom 
the Araralli hills near Badeha. north of the railway, but I was 
unable to appreciate any particular resemblance. Passing noith- 
noith-east towards Banskho in the direction of the dip, the beds 
become gradually finer in grain stratigrapLically higher in the 
section, such as pebbly conglomerates, aikose grits and, in the 
Banskho hill, pale, compact and vitreous quartzite, typical of the 
Alwars. Ihis quartzite is much jointed and in only one place was 
stratification visible, dipping in a duection the same as that of the 
underlying grits and conglomerates. If the dip were here in the 
opposite direction, with a repetition of the basement conglomerates, 
the relationship of the Banskho-Lalgarh conglomerates to the qnartz- 
magnetite schists of Dadeha would be simply explained by their 
being a S5mclme folded into the Aravallis, like that of Dhidc, but 
the facts make it necessary to assume some structure such as two 
dip fiaults intersecting north of Banskho and dying out southwards, 
thus letting down a triangular section of Alwars bounded on the 
third (unfaulted) side by the unconformable junction. There is no 
field evidence for such a supposition, but it is quite a probable 
one and some such assumption has to be made to explain the 
structure. 

Between Tonk and Jaipur are several detached hills isolated on 
the plain. That at Nawai (26® 22', 76° 69') is of fairly typical Alwars, 
almost vertical. At its south end are mica-schists with quartz 
laminae, dipping helow the quartzites and apparently paralhl 
with them m dip and strike, hut there is a conglomerate band, 
quartz pebbles in a micaceous matrix, at or near the base of tho 
quartzite. It is doubtful if this is another case of the Delhi-AravaUi 
unconformity, hut I consider it probable. Of the others, that near 
Eenwal (26° 42', 76° 44') is probably Alwars, those near Chatsu 
(26° 36'. 75° 59'), at Isimora, GararwansI, Euphaii, and Tanga are 
probably Aravallis, judging from their lithological character. 

The large hill mass of Eajmahal, at its southern end, is composed 
of compact pinkish, rather obscurely bedded and much jointed 
quartzites. fine-g»*ained and very like the Alwars, exdept that they 
are somewhat more highly altered than the average. They pass 
northwards (along the strike) into a development of schistose 

^ liec., QecH, Surv. Ind., Voh XIV, p. ^90. 
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grits and conglomerate-. These are very inicaceouci and dark in 
colour, are hard and split easily into thick slabs of large area. The^ 
pebbles in them are of pink microcline and quartz, rounded and 
often much flattened. The matrix has in addition biotite. mus¬ 
covite and tourmaline. In hand specimens they look like foliated 
‘‘ augen gneiss but in the lield the perfection of their straight and 
flaggy bedding (or foliation) and the fact that they pass along the 
strike into quartzites leave no doubt that they are sedimentariea. 
Their fragments clearly come from rocks similar to the massive 
Axavalli granites outcropping to east and west of Chandsain and 
not from the pegmatites in the schists near by. The quartzites and 
conglomerates present some uncertainty in their relationship vith 
these schists. The dips of the former give evidence that they form 
a symcline, and the fact that at their southern end their outcrops 
curve round in a semicircle, with schists and pegmatite veins curving 
with them, would indicate the same. Such thick conglomerates also 
strongly suggest an unconformity somewhere immediately below 
them, and the similarity oi the finer rocks to the Alwars leads to 
the conclusion that this is another syncline of Alwars l}dng uncon- 
formably on, and folded into, the Aravalli schists. I found it 
impossible to map the junction other than approximately: it is 
above the level of the plain at the southern end of the hills only, 
and here the basal beds axe arkose and schistose grits passing ap¬ 
parently insensibly into the mica schists below, and the junctirm 
is also obscured by the abundant intrusion oi pegmatite veins into 
the lowest beds of the s^mcline. if syncline it be, as weU as into the 
surrounding schists. 

Passing northwards over an aJhmal plain in which pegmatite 
and schists are found in places outcropping at the surface in such a 
way as to indicate that they underlie the alluvium throughout, we 
come to the very similar hifls south of Chandsain (26° 19\ 75° 30'). 
These consist of a single ridge on the east side and a much shorter 
one on the west, in both of which the rocks dip east or east-south- 
east. At the south, where the two ridges join, the lowest beds 
seen are alternations of schists and conglomerates, the latter con¬ 
taining quartz pebbles and small felspar fragments, only slightly 
flattened by compression. Northwards along the ridge, compact; 
quartzites, resembling the Alwars, come in, probably on a higher 
horizon, the conglomerates passing below them by the downward 
pitching of the syncline. On the eastern side of the ridge, schists 

0 
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with p^matite veins are seen, whicli I could not classify with certainty 
as either Delhis or Aravallis. Just as in the Eajmahal hiUs, these 
coinpact quartzites pass gradually to the north along the strike 
into felspathic and weU-foliated conglomerates. This syncline is 
abnormal in being over-folded in the reverse direction to the usual. 

In the main area of exposures of the Delhi System, the Shekha- 
wati and Torawati hills, the base of the Alwar series is seen only 
at Morijo (27® 10', 75® 49'), where it rests on granite of Axavalli 
age with a very clear unconformity. The basement bed of the 
Alwars is a black, very ferruginous and intensely hard quartzite, 
with numerous conglomerate bands in which the pebbles, of quartz 
and pink felspar, are about the size of walnuts. They are not at 
all sheared nor crushed. There is an tmusually large amount of 
hematite in the rock, disseminated in the matrix and in many places 
seeming to form its chief or sole ingredient. This conglomeratic 
quartzite is about forty feet thick, and as it is sparingly jointed and 
stratified, it forms a smooth and prominent cliff, strewing the 
granite slopes below with enormous blocks, detached from it. Above 
it is a thicker zone of reddish and stratified quartzites and above 
that again a less conspicuous black quartzite. About 1| mile north¬ 
east of Morijo, conglomerate, coarse and pale in colour like the 
normal Alwar basal conglomerate, appears in a detached hill. 
Though the actual line of unconformity is not seen, it is evident 
that its horizon is near here, the basal beds sweeping round in a 
semicircle from Morijo and forming the other side of an anticlinal 
dome on the granite. 

In describing the Alwar Series as it is developed in the Shekhawati 
and Torawati hills, I shall commence at Jaipur City and follow the 
eastern margin of the State, where it adjoins portions of Alwar 
already described in my Memoir on The Geology of North-Eastern 
Rajputana and Adjacent Districts,”^ as far as the north-eastern 
limit of solid geology, then westwards and southwards along the 
edge of the Shekhawati plain. 

The city of Jaipur (26® 56', 75® 63') is enclosed on three sides, north, 
east and south, by bold ridges of Alwar quartzites picturesquely 
crowned by forts and temples. 

A synclinal valley in which Jaipur and Amber, the ancient capital, 
are situated, divides the hills into two imequal portions ; the eastern 
ranges extending some miles to the south of the city and striking 

QeolStirv,Ind.iycfl. 3rLV, pt. 1. 
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N.—S. curvmj; round to N.E.—S.W. ctnd —S,E. to south and 
north ol the city lespcctively. Dips are to the west at 30°—50°. The 
rocks ^le ordinary ijuartaites with giitty and conglomeratic bands. 
This s'smclme seems to die out near Amber, owing to abrupt upward 
pitching of it^ axis, Tint paiMUcl to it another very elongated syncline 
appears, with a considerable area of Ajabgarh rocks in its centre. 
This opens out into the plain north of Atchraol (27° S', 76° 1') dotted 
with Ajiibgarh outcrops. The axis o£ the anticline which adjoins 
thi'4 sjmcline on the east, passes through Atchraol, where the bending 
of the beds at the termination of the anticline is well seen in the 
neld *ind shown in the topography o£ the map. Bast of Atchraol 
hhe curved ends of two similar anticlines are seen and east of them 
again is a syncline, containing Ajabgarhs near Nimi (27° 4', 76° 5') 
and opening northw<*rds into the plain which encircles Atchraol. 
The long open valley, at the south-western end of which lies Eamgarh 
(27° 1', 76° 4'), is almost entirely filled with alluvium, but in some 
^mall hills near its centre there is evidence from the dips of the 
^^rat,'. ihat thev form part of an anticline or at least an anticlinal roll 
oi tlie strata. East of this ihe Alwars ho with a constant dip away 
irom the Auivalli uranitc near Eaialo. 

West of tlio Atchraol-Amber S3mcliue are again two anticlines, 
n*uTOw and \eiy clons;ated and traceable only by small and widely 
separated outcrops. West of this again is the high and massive 
hill of Samod (27° 12', 75° 52'), in which folding cannot be discerned. 

All the above folds observe a close parallelism in a direction about 
N.N.E.—S.S.W., and the dips genernlly approach verticality. 
Vn east and west section drawn through Atchraol would thus cut 
ai least thirteen alternating anticline-i and synclines in a distance 
of about twenty-live miles. 

Near Manoharpur (27° 18', 76°!'), the Alwars may be said to 
divide into two sets of ridges, one running north towards the Torawati 
hills, th<' Ollier trending north-east and joining the hills in Alwar 
State near Bairat (27° 26', 76° 15'). 

The rocks of the Alwar Series north of Jaipiu* City so far described 
have been almost free from intrusive rocks, but from here onwards, 
the Alwars, and still more so the Ajabgarhs, are full of intrusive 
ei)idioriteB, granites and pegm-itites* Between Manoharpur and Bairat 
the <juartzites dip south-east at high angles or are vertical, and curve 
round fehe intrusive granite bosses at Baioda (27° 20', 76° 6'). On 
the margins of thc'-ie granites the (juartzites show no more meta- 

c2 



364 'Records of the Geological Surrey of India. [ Vol. LIV. 

morphiOTQ tliaii elsewhere, but at several places in the hills violent 
brecciation has taken place. Conglomerate bands of quartz pebbles 
are fairly often met with. It is impossible to say with any c^ainty 
whether the strata here are folded into an isocline or represent a simple 
and unrepeated section ; the presence of Ajabgarhs on both sides, 
at a short distance, makes the former structure the more probable one. 

Just west of Manoharpur, three curiously twisted ridges meet, 
the beds composing them lying usually at low but very variable 
angles and with a sinuous strike. On the extreme west they are of 
typical regularly bedded Alwars, and preserve this facies to Ajmiri 
(27® 30', 76® 68'), where they abruptly terminate. The other rocks 
exposed near Manoharpur are lithologically much more similar to 
the Ajabgarhs, though they would appear to be on the same strike as, 
and to continue, the Alwar exposures just described. They are 
mostly dark grey or brown quartzites, impure and weathering with a 
thick crust, and bands of soft black mica schist are in great 
force. To the north-north-east they are connected with the Ajabgarh 
exposures in Torawati by an interrupted double ridge consisting of 
granular, dark grey vitreous quartzites lying conformably above 
soft dark micaceous beds which can best be described as sandstones. 
Quartzites and sandstones aie almost certainly Ajabgarhs. 

The first of the anticlines in Torawati proper extends from 
Chiplata (27® 34', 75® 53') for about twelve miles to the north, and 
has a maximum east to west breadth of about four miles, but its 
outline is very irregular. It is probably the result of several minor 
anticlmes being pressed together (anticlinorium), the ends of which < 
are visible like promontories when jutting into the Ajabgarhs around, 
but which cannot be distinguished from each other when in contact. 
Its general strike is north-south in its southern half, swinging to 
north-east—south-west in the north. 

The quartzites are usually gritty or conglomeratic, with rounded 
or flattened quartz pebbles (not arkose), are pale in colour and give 
rise to the usual Alwar topography. 

In this particular anticline the evidence obtained regarding the‘ 
relative ages of its strata in the ridges, and of those forming the 
lower ground about it, was inconclusive, but no doubt was felt that 
the former were Alwars and that their junction with the latter was 
a co^ormable one. Extensive scree-slopes conceal much of the 
junction between the two sets of rocks (the Alwars and the argilk- 
ceoiis beds of the lower ground), but when seen it is found to be a 
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•conformable one, ^vitll a gradual change in the lithological character 
of the beds across the strike, and exact concordance in their strike. 
The conglomerate bands are not near the passage, but among the 
quartzites some distance from it. In other parts of the Torawati 
and Shekliawati hiUs the structure is clear enough to show that the 
•quartzites are older than the softer argillaceous beds ; these are then 
equivalent to the Ajabgarhs, which they greatly resemble. Hound 
the northern part of this anticline the dips at its margin are as often 
as not reversed, but near Chiplata, where lateral com,pression seems 
to have been less intense, dips arc at comparatively low angles and 
are outwards from the axis of folding. Two miles north of Chiplata 
the ridge forming the visible edge of the anticline is interrupted, 
presumably by faulting, and about half a mile width of Ajabgarhs 
occupies the gap. The line of the fault or faults was not seen. 
Taking into consideration the intense crumpling and intricate folding 
over the whole of North Rajputana it is surprising that evidences of 
extensive faulting have boon so few. There can be no doubt that 
thrust-faulting at least must have taken place to a much greater 
extent than I have been able to make out, though often suspected 
from those variations in the thickness of strata which are so common. 
Where rocks arc much sheared, brecciated and contorted, and where 
beds giving a reference horizon over some distance are rare, thrusts 
of considerable amount may easily pass unnoticed among the mul¬ 
titude of minor distortions. Along the line of fault denudation is 
easy and it will naturally tend to bo obscured by soil or d&bris col- 
h'cting over it. 

To tht‘ soutli-<»asi» of this anticline and i)artly enclosed by two 
of its lol)i‘s, but sei)aratod from them, is a narrow quartzite area which 
I take to 1)0 also an anticline of Alwars. 

TIk'^ second anticline to be considei'ed lies north-west of Patan 
(27*^ *18', 7(1*^’ 2'). This is of much larger size and extends to the north- 
.east into Narnaul (J^itiala State), whore it is much broken up by^ 
strips and arms of alluvium. Its general trend is north-east—south¬ 
west, but many minor irrc'giilaritics are displayed by the festooned 
or denticulate shape of its south-eastern margin, where alone it is 
visibly in contact with the Ajabgarlis. It also seems to be an anti- 
clinorium, but the separate folds have not been so closely squeezed 
together, so that where they extend out from the main mass we get 
in horizontal section rounded outlines rather than the acute angles 
in the anticline last considered. Along this margin the passage of the 
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Alwars into the Ajabgarhh ib well seen, the quartzites dipping steadily 
under the argillaceous beds at angles varying t'om 6(» u])Wtirds5 

with a transition belt of thin-bedded quartzites and. micaceous 
flagstones. Along the north-west side a broad stretch of nlluv^iiuu 

conceals the junction. 
The general dip is to south-east, in the reverse direction to w'hat 

has been found to be the normal in these folds. The quartzites are 
coarse, with abundant flakes of muscovite along the bedding-planes, 
and in the zones where the rocks partake of the nature of mica-schists, 
large garnets are abundant. In many places the rocks are intensely 
puckered and contorted, but they keep to an average strike. Intru¬ 
sions of epidiorite and pegmatite are very numerous. 

The next two anticlines, in the Shekhawati hills, are somewhat 
doubtfully Alwars, but taking aU the circumstances into account 
the balance of probability is that they are Alwars, but the boundarj 
between them and the Ajabgarhs must be regarded only as an approx¬ 
imation. The more northern of these lies immediately east of 
Khetri (28® O', 75° 51') commencing six miles south of Khetri, and 
running about twenty miles to the north-east, where it disappears 
under alluvium. Its maximum breadth is about six miles. Instead 
of forming a hiUy region standing up over a low-lying tract of Ajab¬ 
garhs as is usual, the Alwars here (except at the north-eastern end) 
form comparatively low irregular Mils quite overshadowed by the 
Mgh ridge of the Khetri Fort, wMch is, I consider, of Ajabgarh 
schists and quartzite. The anticlinal structure is very clear at the 
south-western end, near Babai. 

The rocks which I consider to be probably Alwars are largely 
tMn-bedded quartzites with micaceous laminae, and broader zones 
rich in noiica, and a few brown and black limestones. They arc 
usually fine-grained, reddish, yellow or gray in colour and are softer 
than the typical Alwars, but are similar in colour and, to judge by 
appearances, the same in the amount of minerals present other than 
quartz. The unusually low relief of their outcrops may be i}arth' 
due to the abnormal number of intrusives penetrating them, epi- 
diorites, granites and pegmatites, as well as to the presence of mica¬ 
ceous laminae. Upwards in the section these quartzites are seen 
to pass into the mica-sohists and black slates which carry the copper 
ores of Singhana, Khetri and Babai. Dips in this anticline (or isocline) 
are to the north-west, quite moderate (20°—40°) on the north-west side 
and steeper on the other, of course reversed on the latter side* Neaa? 
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Khetei the strike swings to the north-west—&outh-ea-.t for a space, 
returning again to the normal, and with this flexure the width of the 
anticline abruptly increases. 

The last anticline to be considered is that running from Ponk- 
Gurha (27° 50', 75° 41') for about 26 miles south-westwards to Sangrua 
(27° 26', 75° 22'), forming the backbone of the Shekhawati hills and 
culminating in the highest point in North Eajputana, 3,450 ft. 
Here also there is some doubt as to the correlation with the Alwars 
but the balance of probability is in favour of its correctness. The 
boundary with the Ajabgarhs, in the absence of any well-marked 
horizon, had to be somewhat arbitrarily marked. The form of this 
area of Alwars is very narrow and elongated, its maximum breadth 
being about 2J miles, and iu one place it is broken across and laterally 
shifted by a large granite intnision. Except near its south-western 
termination, whore it is joined to a subsidiary parallel fold, it appears 
to be a simple anticline. 

Near Ponk-Giuha the end of the anticline forms a high hill- 
mass, in which dips are clearly seen swinging round from north-west 
to north and then to east. The rooks are dark grey and reddish 
quartzites, bedded in a similar manner to the Alwars and differing 
from them only in being slightly darker in colour, and more argill¬ 
aceous and ferruginous than the normal. 

Where the granite intrusion cuts across it, the width of the 
Alwac outcrop abruptly decreases, and layers of conglomerate 
appear in large amount. The pebbles of these are of quartz and 
quartzite, up to two inches in diameter, and imbedded in a matrix 
of slate or mica-schist. Farther along the anticline, from the 
termination of the granite intrusion south-westwards to Sangrua, 
siliceous conglomerates predominate over non-conglomeratic quart¬ 
zites. lilxccpt at the north-uastorn end, where the anticline is not 
recumbent, dips on both sides are in general to the north-west, 
igneous intrusions, excepting the above-mentioned granite mass, 
are almost absent from this outcrop, which no doubt is an important 
factor in its resistance to denudation. 

The Ajabgarh Series. 

For convenience of description the areas occupied by the Ajabgarh 
Series may be divided into two sections; (1) the enclosed valley 
between Manoharpur and Atchraol and (2) the very extensive areas 
n Torawati and Shekhawati. 
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The first is a plain, enclosed on all sides by hills oi Alwar quartzite, 
with a few tortuous Ajabgarh ridges, of little breadth and elevation, 
emerging from the alluvium. The Ajabgarh outcrops themselves 
are too meagre to give any information as to the hidden structure, 
but the surroimding Alwars show it to be a syncline, or several 
confluent synclines, with two long arms extending southwards to-' 
wards Amber and Nimi. In the main syncline and in the Nimi arm, 
the rocks are dark grey and brown distinctly bedded quartzites, 
rather coarse, and weathering with a thick, cellular crust. The 
usual soft grey argillaceous beds are present and a rock practically 
identical with the “ Berla quartzite,’’^ and, like it, used for millstones; 
the general facies therefore is exactly that of the Ajabgarhs in the 
south-east of Alwar State and, as there also, the ridges are intricately 
twisted, with abrupt changes in the direction and amount of dip. 

The synclinal valley north of Amber is floored with the outcrops 
ot Ajabgarh rocks resembling the calcareous beds in the Ajabgarh 
valley^ above the Kushalgarh limestone. They are soft rocks, band¬ 
ed in shades of blacls: and dark grey, and often show intense crump¬ 
ling and puckering. Mineralogically they are rather indeterminate 
and difihcult to describe, but might be called siliceous and argillaceous 
(sometimes ferruginous) limestones and calcareous slates. They wea¬ 
ther like limestones, but are so impure as hardly to deserve the name. 
Thin bands of dark quartzite and slate also occur ; there is a complete 
absence of any definite or lithologically distinct strata, such as pure 
limestones or hard quartzites. 

The Torawati Ajabgarhs are connected with the Alwars near 
Manoharpur by the two ridges of quaruzite and micaceous sandstone ’’ 
mentioned on p. 364, but, as the correlation of the rocks here is doubt¬ 
ful, much reliance cannot be placed on this. To the north-east they are 
practically continuous with the Mandan group of Bracket, near Tasing, 
which I have elsewhere shown to be identical with the Ajabgarhs®. 
Westwards, though they are not absolutely connected with the Shekha- 
wati Ajabgarhs, the interval of alluvium intervening is so small and the 
rocks outcropping on each side of it are so similar, that there is no ques¬ 
tion that they are one and the same formation. Their correlation with 
the Ajabgarhs elsewhere rests chiefly on their general character and 
their relationship to the undoubted Alwars of the Patan anticline. 
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East of Buchara (27° 33', 76° 2') is a lofty gioup of hills present-^ 
ing a magnificent scarp eastwards to the valley of the Sabi river. 
They are the continuation of the double ridge tom Manoharpur, 
mentioned above, and in the scarp the same rocks are exposed, 
massive, dark, granular and vitreous quartzites forming a clifl: above, 
and much softer argillaceous and micaceous quartzites (almost like 
sandstones) in the slopes below, both with bedding and jointing 
obscure. This has been mapped by Hacket as an unconformity, 
Alwars on Aravallis, and on a cursory examination this appears 
correct, as tlxe lower, soft strata are intruded in all directions, cHefly 
along the strike, with pegmatite veins, some of enormous size, seem¬ 
ing to stop at the junction between the two sets of strata. On 
fmther investigation, however, the lower beds are seen to pass up¬ 
wards gradually and conformably into the upper, with no basement 
conglomerate, and with concordance in dip and strike. 

The pegmatites too, are seen to intrude the i^'^>per series, but are 
iifreatly diminished in size and in number, and ai‘e not obvious from 
a distance. The suporioj hardness of the upper quartzites has 
evidently been a partial barrier to the pegmatites, for, on the dip- 
slope behind, where softer bods (mica-schists, etc.) appear, the intru- 
sives are again seen in force. Westwards, overlooking Buchara^ 
*inother hard zone occurs, also rather free from pegmatite, but around 
Buehara soft strata occur, in which the veins attain an impressive 

i development. Another disproof of the unconformity is that, all 
along the scarp, and in the ridges extending to Manoharpur, the same 
two sets of strata are in contact, without transgression or overlap. 

The massive quartzites, though so prominent, are merely another 
ease of those resistant quartzite zones which elsewhere form a feature 
oi the Ajal)gaThs, and have only an accidental similarity to the 
Alwars. The dips in th<»HC hills arc rather low, loss than 30°, and are 
to west and north-west, oxceixt about 3 miles south-east of Buehara, 
where the strike swings round in a semicircle (dips to south and 
south-east), abruixtly r(‘.turuing again to the former direction. 

In the area of intense pegmatite injection west and north of 
Buehara, the Ajabgarhs are mainly mica-schists and soft micaceous 
quartzites, with impure limestones which are often altered to coarse 
grey crystalline rocks, with bundles of columnar tremolite crystals 
several inches long, and in which the diffused silica has been con¬ 
centrated into knots. On the non-calcareous rocks the pegmatite 
seems to have had little thermal eflEect, and the small amount of 
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crumpling or distortion present, apart from simple disruption, 
ratter unexpected. About 1 mile north-east of Buchara, the schisto 
are markedly graphitic. Over much of this area far more pegmatite is 
visible than metamorphic rocks. The dip is naturally irregular, seem¬ 
ingly chiefly to the south-east, the reverse direction to the normal. 

North-west of a line drawn from Chiplata to Dantal (27® 40', 
76® 4') the pegmatites are practically absent, and the Ajabgaxhs 
are exposed over a wide area. They are similar to those mentioned 
as forming the Amber synchne (p. 368) and, generally speaking, 
are an assemblage of rocks which show freq^uent variations in charac¬ 
ter, but which nevertheless are much of a type and vary within 
narrow limits. They are mostly quartz-mica schists and impure 
crystalline limestones, siliceous, argillaceous, actinolitic or ferruginous, 
and are banded and thinly bedded in* layers of slightly varying com¬ 
position, yet all of a monotonous black or rusty colour and usually 
weathering with a rough and cellular crust. It is seldom that a bed 
is homogeneous to a thickness of more than a foot or two; also 
change in the nature of the beds in short distances along the strike is 
often noticed and is sometimes very puzzling. The amount of 
metamorphism which they have undergone varies with the local 
conditions and may take the foims of development of mica or acti- 
nolite, the concentration of silica into knots and, less often, the 
formation of staurolite, garnet and graphite. 

In the centre of the Torawati hills, a common type is grej', sott 
quartz-mica schist. looking and weathering like a micaceous grit. 
Pure, pale coloured quartzites are not uncommon, but are usually 
thin-beddcd and intercalated with schist or slate layers, and die out 
rather rapidly or change along the strike into other types. In 
the north-eastern portion of ’ the hills, north of Dantal (27® 40', 
76° 4') such quartzites are the predominating rocks, giving high ele¬ 
vations. Along the eastern margin of the large granite intrusion at 
Jainthpura (27® 39', 76® 00'), and curving towards Chiplata, is a 
broad belt of pink fine-grained arkose quartzite, which does not 
show bedding, and near the granite contact is much twisted and 
brecciated, and apparently partially fused. 

Eegarding the structure of the Ajabgarhs in Torawati, compara¬ 
tively little was definitely made out as to the way in which they are 
folded. Their strike is north-east— south-west in the south, north- 
south about the middle (locally even north-west—south-east), veering 
round again to north-east—south-west in the north. Though with 
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considerable irregularities, a concordance in dip ■was noted over 
considerable areas. For instance, east ol Bucbara, the quartzite 
ridges dip to west and north-west ; west of Buchara the inclination 
seems to be in the oppo*site sense but there is no sign of the quartzites 
again coming to the surface. 

Beyond the limits of the pegmatite-intruded area north-westwards 
to near the Patan anticline, dips are mostly to north-west or west, 
while immediately north of Dantal there is a distinct syncline, the 
shape of which is very puzzling. North of this syncline and on its 
eastern limb, the strata are much brecciated over several square 
miles, and north of this again, to the Narnaul frontier, dips are 
consistently to east and south-east. Apart from brecciation there 
is much less metamorphism of the rocks than in the pegmatite 
intruded area to the south. 

A sketch plan of the Dantal syncline is as below, the ridges being 
formed of thin flaggy quartzites with interbedded schists and lime¬ 
stones. A strange phenomenon is the wide separation of the two 
ranges which arc in contact in the south, but divide and enclose a wide 
valley, covered with detritus, in which the intervening beds and the 
reason of the separation of the ridges arc concealed. 

Diagrammatic plan oi Dantal synclino, bJiowing quartzite ridget. 

{Scale I inch to 2 milcb. 
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Between this syncline and the Jainthpura granite the strata are 
much twisted. Parallel to the Jainthpura granite and a little 
distance from its western side, is a long ridge of quartzite, resembling 
the Alwars in several points, which may perhaps be an elongated 
Alwar anticline, though I consider it more probably a siliceous band 
in the Ajabgarhs. After running for about six miles with uniform 
width, it abruptly thickens and then thins out again in a way which 
jan only be explained on the assumption that it is repeated by strike- 
raulting or by folding. Though looked for carefully, no evidence could 
be found as to this. At its broadest part, epidiorite intrusions are 
very numerous. At its southern end, it strikes at an angle to the 
pink arkose quartzite above-mentioned, possibly thi’ough being cut 
oS by a concealed fault. 

J)ia.«,Tamniatic plan of jDariba anticline. 
Scale 1 inch to 1 milo. 

At Dariba (27° 40', 75° 37') is a horse-shoe shaped hill of quart¬ 
zites, dipping quaquaversally, with limestones in the centre and 
round the outside, with which the quartzites are seen to be inter- 
bedded, At the curved part of the horse-shoe the quartzites are 
thick, but thin out or pass laterally into limestones quite rapidly 
towards the points. At Ahirwala (27° 37', 75° 34') is an isolated hill 
ot compact quartzite, surrounded on all sides by quartz-mica schists 
and quartzites finely injected with veins and films of epidiorite. 
Evidently this hill owes its prominence over the plain of less resistant 
rocks around, partly to its being a roughly lenticular mass which has 
escaped intrusion, and has so been enabled to withstand denudation, 

'^here axe several cases similar to this. Such a ridge of strong 
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quartzite often appearb to beiniicli broader tlian it really ib. a,., it 
strews its slopes with large detached biock>, thus concealing am. 
protecting the immediately adjoining soltei rock^. 

West of Toda (27® 38', 75® 59') is a compact black (hematitic) 
quartzite, which runs south and then south-west tosvards Chiplata 
and gives a well-marked horizon. At Chiplata about half a mile 
intervenes between this bed and the edge of the Alwar anticline, while 
at Toda, 5 miles farther north, the distance has been increased 
tenfold by the interpolation of intermediate folds. Two of these, 
anticlines of Alwar quartzites, are seen, but there must be other 
anticlines in the Ajabgarhs themselves which could not be made out, 
owing to the absence of distinctive beds in the latter, but which can 
under favourable circunrstances be seen, e, at Dariba. 

The above selected cases give some idea of the complex folding of 
this area and the puzzling manner in which many beds appear to 
thicken or die out when followed along the strike. 

The rocks of the Ajabgarh Series in Sheldbiawati are practically 
identical with those in the Torawati hills, except in the iirmediatt 
neighbourhood of the anticlines of Alwar quartzites, where they are 
more argillaceous and siliceous, and form a broad zone of passage 
upwards into the Alwars, the gradation being more gradual than in 
Torawati. There is however considerable doubt as to the true posi¬ 
tion of the boundary line and some might consider that these hed^r 
should be included in the Alwars. 

The Ajabgarhs form a wide band of low rolling hills and uneveii 
stony plain (PI. 23.) along the south-eastiTn side oi the Alwars whicl. 
form the axis of the hills, and on the other side a narrower belt of lent 
and lofty ridges. Strik<' is fairly constant at about north-east—south¬ 
west, dip in the area south-east of the axis is <juite irregular and verj 
extensively obscured, in the north-western area it is to the north¬ 
west. Jn the fornuT bolt, epidiorite and pegmatite intrusions are 
very numeious. In it, uortli-east ol Babai, ilacket has mai>j)ed e. 
largo exposure of granite. On microscopical examination 1 found 
this not to be granite, though in the field closely resembling micro- 
granite, but probably not of igneous origin. This had also been seen 
on a smaller scale south-west of Raipur (27^ 44', 76® 1'). It 
might be termed a hornstone,^ porcellanite or granulite. In 
hand specimens it is a fine-grained, compact, unfoliated red rock, 

ttarker‘s “ Petrology,*’ p. 305 
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oometimes streaked with green. Under the microscope it sLows 
small ragged crystals of quartz, pale green amphibole, calcito, tourma¬ 
line, ilmenite, sphene and doubtful p3nroxene, in a brown cloudy 
groundmass of indistinct crystals which may be quartz or secondary 
felspar. In the field it occurs not in veins nor in clearly defined 
intrusions but in indefinite and ramifying masses which merge 
gradually into the impure hmestones and schists, somewhat as if the 
latter had soaked up a red colouring matter along their joints and 
lamination, or after the manner of colour-mottling in sandstones, 
but without sharp margins. In the field I took the rock for micro- 
granite or a hybrid interaction product of granite and argillaceous 
rock, but microscopical examination shows that in parts it is clearly 
unaltered siliceous limestone, and is most probably the result of 
extreme metamorphism of the Ajabgarhs, causing fusion and recrystal- 
lisation of the fragmentary materials (with production of secondary 
felspar), and is in fact a stage in the formation of felspathie para- 
gneiss. This hornstone is the predominant rock in a band running- 
from about Maonda (27® 49', 73° 32') to Teonda (27° 58', 76° 56'), of 
an irregular width with a maximum of three miles. In this band 
a few small bosses of the feme intrusive granite, biotitic, porphyxitic 
and foliated, are found. 

South-west of Maonda, solid geology is visible only in scattered 
outcrops of the same impure limestones and schists. 

Across the axis of the range, near Singhana (28° 6', 75° 64'), 
the Ajabgarhs are rather different, being white and reddish, thinly 
bedded, micaceous flagstones, with slates in the valleys, dipping 
regularly to the north-west. They are practically free from igneous 
intrusives and are not greatly metamorphosed. In several ways 
their resemblance to the Alwars is marked. There are two main 
ridges, one of which comes to an end about ten miles south-west 
from Singhana, the other bends southward near Khetri and for a 
long distance has an elevation of over 2,000 feet, carrying the conspi 
cuous forts of Khetri and Bagor. Its prominence is due to several 
hard quartzite beds, separated by black slates, and as the dip is 
unusually low (20°—30°), an abrupt scarp is formed. (PI. 25.) Below 
-She scarp is the bed containing the copper ores of Singhana, Khetri and 
Eabai and the cobalt ore of Babai ; it varies from a black slate, 
locally containing very large chiastolite crystals, to a coarse schist 
of brown mica with large knots of greyish-b^ue oryptocrystalline 
quartz. This passes downward into brown impure limestones and 
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'those into the (.|iiaitzit3cs which 1 liave olasslAed .i»& Alwars. The 
hi own limestonos may perhaps represent the Kiishivlgarh limestone 
iMt they do not resemble it. Below the quartzites oE the ridge 
. pidiorites are common, hut not above. West of JBabai (27° 53', 
75° 49'), the end of the anticline is well seen, qutirtzites and in¬ 
tercalated slates curving round, and at Babai rapidly steepening in 
dip from 10° to about 50°. Beyond Dabai north-eastwards on the 
other limb of the anticline in the direction of Teonda, the above 
described beds cannot bo followed with certainty, owing to higher 
nietamorphi^^m and the confusion caused by profuse igneous invas- 

ioaa. 
In the south-western part of the Shekhawati hills there seems to 

be a gradual diminution in the amount of the limestones, which, 
taken with an api^arcnt coarsening in the grain of the slates and 
^.[uaxtzitos (in the Ajabgarhs as well as in the Alwars), would indicate 
the proximity of the land-surface from which their materials were 
derived. 

North-west of the core of the range, the Ajabgarlm form a belt, 
jbout a mile broad, of high parallel ridges. Near Ponk-Guxha, at 
*he north-(‘astern ond of the south-western section of the hills, they 
ve hard silicieous ])hyllitcs and slates, banded in shades of black, 

tirey and red running along the strike, and sometimes irregularly 
uiottled. They show a distinct dip to the north-west, and pass down 
by gradations into the impure Alwar quartzites of the Ponk-Gurha 
hills. The banding is merely of colour, and not of differences in hard¬ 
ness, so the hills arc not longitudinally ribbed, but steep-sided and 
s{‘i‘rato. A band of conglomeratic grit was noted, a rare occurrence 
\i\ the Ajabgarhs. Along the strike towards Udcpiir (27° 44', 75° 32'), 
line quartzites a]>pear in the ridge, and, in tin* valley, some gritty 
bands in tha slates, and along the margin witli the Alwars, eon- 
glomcj‘atc layers occm* among the slates, commencing the gradual 
u'i)ward tninsition to tlie Alwar ([uartzite conglomerates. Beyond 
Udepur to wliero the hills end at Ragonathgarh (27° 40', 76° 24') 
and SangTua, flagston<'s and slaty quartzites prevail, almost to the 
exclusion of slates, and in thorn arc several conglomerates. Herein 
lies the difficulty of drawing a division between the Alwars and the 
Ajabgarhs, as I should certainly have mapped these rocks as Alwars 
had I not seen them passing horizontally into fairly typical Ajabgarhs. 
The progressive increase in arenaceous content in the Ajabgarh rooks 
as one passes south-westward is in accord with the coarsening of 
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the Alwars, to which I have dxawn attention, and which I have 
suggested may be due to the proximity of the original margin of 
deposition. 

The synclinal valley of Kot (27° 40', 75° 29') in the centre of the 
hills, is floored with gray micaceous Ajabgarh quartzites and hard 
black slates, and mica-schists along the outer (southern) margin. 
From Ponk-6urha to here, igneous rocks, except a few epidiorites 
in the Kot valley, are absent from the above described rocks. 

On the south-eastern side of the Ponk-Gurha anticline is a much 
wider expanse of Ajabgarhs, in this case of the usual limestones, 
schists and soft quartzites, with a broad belt of lofty hills runniuij 
north-east from Khandela (27° 36', 75° 33'). The less outstanding 
rocks, forming a thin-soiled cultivated plain studded with hillocks, 
call for no remark. Intrusions, chiefly of epidiorite, abound. The 
Khandela hills, which start as insignificant quartzite ridges near 
Babai, and increase gradually along the strike, are dark grey, fine 
grained, ferruginous and porcellanic quartzites interbedded with 
schists, and are in several places much brecciated. No limestones 
are present and epidiorites occur only at the Khandela end, wheie 
however, they form great lenticular masses. 

The topography which the Ajabgaihs give rise to in Torawati and 
Shekhawati is typically a confused expanse of low black hummocks 
with little or no relation, in their trend, to the geology. They bear 
a sparse scrub jungle of scattered bushes, mainly Bxqihorhia and 
other shrubs of a similar formidable spinmess. Where, through the 
presence of quartzites or harder slates, they rise into serrated ridges 
and peaked hills, their slopes are steep and conspicuously barren 
even for this arid land ; Exiphorhia alone finds sustenance and that 
seemingly with difficulty. It is curious that this hardy plant grows 
only on rocky ground and slopes of dibris, it is 7iever found on sand 
or alluvium except when artificially planted. 

Igneous Rocks Intrusive in the Delhi System. 

In order of age the three classes of igneous rocks intrusive in 
the Delhi System are:— 

I.—^Epidiorite sheets and veins, 

n.—Granite bosses, 

in.—Pegmatite veins. 
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These have been elsewhere described as amphibolites, ” but in 
accordance with the recommendations of the Committee on British 
Petrographic Nomenclature, I now term them “ epidiorites,” but 
they are identical with the amphibolites of Alwar.^ 

I may briefly recapitulate their description. They are seldom 
schistose, usually homogeneous and visibly crystalline, dark green, 
unbedded and irregularly jointed. Their sinructure may be described 
as granulitic or sometimes granitoid.^ 

Under the microscope they are seen to consist chiefly of hyp- 
idiomorphio green hornblende with secondary felspar and quartz. 
Ilmenite or sphene is always present, accessories are biotite, apatite, 
and pink garnet. 

In mapping, the scale of 1 inch to 1 mile was too small for me to 
do more than indicate diagrammatically the approximate extent 
of the areas in which occurrences were numerous, with their general 
strike, but an endeavour was made to show on the map all isolated 
outcrops and those of outstanding size. In the accompanying re¬ 
duced map the still smaller scale, and difficulties in reproduction, 
have necessitated the omission of the epidiorites. 

It is found that bands of mica-schist and conglomerates with a 
micaceous matrix, seem to be favoured as an avenue of injection, 
j&pom obvious mechanical reasons, while in limestones it would appear 
that the thiimer sills and veins are to some extent absorbed, with 
mutual chemical reactions resulting in the formation of actinolito, 
troniolite and e])idote, as streaks and knots in crystalline marble. 
This is seen near Kliotri, Babai and Patan. 

As a rule the epidiorites here are finer grained than most in the 
south of Alwar, there are fewer bliick, massive and persistent sills 
(except near Khandela), and i)rofuse and minute lit-par4it injection 
is very much more frequent. In Alwar also, the epidiorites are 
practically confined to the Alwar Series, while here they invade the 
Ajabgarhs as well. 

In several places {e.g,, the south end of Beharipur hill), the laminae 
along bedding-planes of quartzite are so straight and regular, so 
numerous and so thin, that one is inclined to believe them to be 
lines of metamorphosed volcanic dust, e, g,, augitic tuff. The 

* Menu^jQeol. $urv»Xnd,fYoh XLV, pp. 90—92 etow 
* Harkei’s “ Petrology p- 334* 
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fiuppos’tion that some of them are altered tuffs or contemporaneous 
flows does not, of course, negative the proofs that the majority are 

intrusive. 
Only a few cases need be referred to. There are numerous 

•occurrences in which bands outcropping on the low ground at the 
base of hills which cross their strike, suddenly terminate at their 
foot and, in the precipitous cliffs above, where they would be very 
conspicuous, they are entirely absent, or are present in much reduced 
thickness ; evidently denudation is greatly aided by their presence 
in introducing a source of weakness and it is in fact exceptional to 
find an epidiorite mass of any dimensions except on low ground. 
Not only do these intrusions facilitate denudation, but, as I have 
pointed out, they originally invade the softer t3^es of rock much 
more than they do the more resistant. 

That the epidiorites have been injected previously to the granite 
is shown by the veins of granite in epidiorite near Bairat ^ and by 
the total absence of any epidiorite in the granite, save in the Chapoli 
boss, an apparent exception which is in reality a proof, for the epidi¬ 
orite is clearly in the form of xenoliths, associated with similar quartz¬ 
ite fragments. That they are earlier than the pegmatites is durectly 
proved by a zone of epidiorite injection north of Buchara, forming 
a regular band cut through in all directions by the pegmatite 
veins. 

It is strange that the amphibolites are somewhat seldom schist¬ 
ose, while the granite is typically foliated. Their temperature and 
viscosit7 conditions at the time of intrusion must have been widely 
dissimilar, as the epidiorites copiously and minutely inject their 
country rocks in sills, veins and stringers, while the granite forms 
compact and sharply margined masses and very rarely sends out 
apophyses. The pegmatites have an intermediate character, as their 
veins, through ramifying, are of large size and meet the enclosing 
rocks sharply and without any lit-pm*4it injection; they are always 
coarse-grained and quite unfoliated. 

The present crystalline structure of the epidiorites cannot have 
been produced during consolidation,^ as the minerals now occurring 
probably crystallised long after that, but it may have been induced 
.along with the foliation of the surrounding rocks, pressure and high 
temperature causing shearing and schistosity in yielding rocks like 

^ Oeot 8urv. Ind.^ Vol. XLV, p. 88. 
* Harker’fl Petrolocv'', v. 26. 
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mica or chlorite schists, while ia stronger and tougher rocks like 
epidiorite and quartzite granulation and recrystallisation might take 
place. 

The origin of these epidiorites is probably in diorite or dolerite, 
as has been traced in other similar rocks elsewhere,^ but here the 
conversion of pyroxene into amphibole seems to have been in all 
cases complete ; in none of the specimens examined is there any 
trace of the original pyroxene. 

II.—Granite bosses. 

The granite occurrences, which I , describe separately below, 
all belong to the type which in Alwar State is intrusive in the Alwars.^ 
In this area they invade the Ajabgarhs as well. The chief varia¬ 
tions in the diilerent masses are in the degree of foliation, the coarse¬ 
ness or fineness in grain, and their porph3rritic or non-porphyritic 
character. Under the microscope they show quartz, microcline or 
orthoclasc or both, sometimes acid plagioclase in small amount, 
sphene (and ilmenite) and biotite. Muscovite and apatite are 
sometimes present and in two slides a little doubtful green horn¬ 
blende, much altered to chlorite and epidote, was present. 

BaMa.—(27°1C', 76°65') (Reg, No, 26.844, slide 9869). At the 
base of the quartzite ridge is a small exposure of pink, fine-grained 
gneissic granite, with clusters of biotite, foliated in perfectly straight 
lines and almost as fissile as a slate. (Under the microscope it shows 
chiefly quartz and microcline, some orthoclasc, a little biotite and 
apatite). It has boon intruded into a band of mica-schist with 
quarizitic layers, and merges insensibly into tliis, which again passes 
upwards into normal quai*tzite. 

Manoharpm.—2 miles west-north-west of Manoharpur, at 
Bishangarh, there is an isolated hill composed of foliated yellow 
granite, fine and medium grained, the same as that of Bairat and 
Baroda. 

Baroda.—The Baroda granite (Reg. No. 26.845, slide 9860) is fine¬ 
grained, unfoliated and indistinctly porphyritic, pinkish-grey in 

1 Bull 62, U. 3. Geol Surv., Ch, 1. 
Q. J. 0. 8., Vol. XLIV, pp. 429^3(5. 
Q. J. G. 8., Vol XU, pp. 133-144. 
Blake, Bcp. BHt, Ass,, 1888, 406- 
Teall'a British Petrography *% pU xxviii, 2, pi. fig. 2. 

* Mem., Geol 8vrv Im., Vol. XLV, pp* 02-9$. 
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380 Records of the Geological Survey of India. [Vol. LIV. 

colour and some-wliat resembles trachyte in the field ; being douse 
and compact, witbout mneb biotite, it weatbers into angular and 
sub-angukr blocks instead of tbe more usual domes and piles of 
rounded boulders. There is little variation throughout the mass, 
which is devoid of pegmatite or quartz-veins. It is composed of 
corroded phenoerpts of quartz, oithoclase and acid plagioclase in 
a finer quartzose ground-mass of the same, with a little biotite, 
ilmenite and sphene. On the east its contact is seen with grey, 
ashy, flaggy quartzites, striking at an angle to the local direction 
of the margin. The junction is not quite definite, a little inter¬ 
action seeming to have taken place, and a short space away from the 
margin the quartzites are twisted and breociated. 

Ajitgarh.—(2I°25', 75°52'). (Eeg. No. 26.848-9, slide 9862-3), 
This is a detached hill of a rock very like that of Baroda, but medium¬ 
grained and non-porphyritic. and with a few quartz-orthoolase- 
tourmaline pegmatite veins. Under the microscope it shows quartz 
and orthoclase micrographically intergrown, some plagioclase, abun¬ 
dant sphene, biotite, apatite and hornblende which has laroely 
altered to epidote. 

Jainthpura. (Reg. No. 26-852, slide 98.64). Ibis is one of the 
largest bosses and has associated with it five others much smaller. 
Its shape is peculi^ly elongated, being seven miles long by a mile 
broad. The rock is pink, fine-grained (medium-grained near the 
centre) and largely non-porphyritic; when porphyxitic the pheno- 
crysts are somewhat rounded or flattened. It c.inies no pegmatite 
nor quartz-veins but has a few of microgranite. Foliation is very 
pronounced, with Xoli-ation dip to the west, and on the margins is 
so straight and perfect that the granite closely resembles f(‘lsp.ithio 
flagstones and can be split with almost equal facility. It is composed 
of quartz, microcline, kaolinised orthoclase, biotite and sphene. 

On the west the margin follows the strike of micaceous quartzites, 
very irregularly however, with large blocks immersed in the granite, 
and veins invading the quartzites. There are no signs of localised 
metimorphism. ^ On the east of the granite is a pink quartzite 
previously mentioned (p. 370), which in some places is fused, twisted 
and breceiated and probably mixed with the granite, so that the 
junction IB indefinite. It may perhaps be a quartz-felspar granulite 
resmtmg frona the metamorphism of argillaceons and siliceous 
sediments, similar to the red hornstone between Teonda and Maonda 
(p. 374). 
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Gori,—(28°2'5 7G'^1'). Immediately south of Gori and also 
2 miles uotho soutli-west, are two more exposures of well-foliated 
granite, the latter of which has a bed of white crystalline marble 
running along its midst. Its minerals comprise quartz, microcline, 
cloudy orthoclase, abundant sphene, ilmonite and green hornblende 
wirh very little biotite. 

Biharipur,—(27°63', 75°57'). The hill south of Biharipur is 
composed of a very quartzose pink and vellow granite, foliated and 
obscurely porphyritic. At each end of the hill a pink rock occurs, 
like the quartzite on the east side of the Jainthpura granite, which» 
at the south end, passes into undoubted quartzites, very soft and 
copiously streaked with hornblende. Passing out from the granite 
into these quartzites is a sill of felspar-porphyry about two feet thick, 
composed of phcnocrysts of microcline and orthoclase microperth- 
itically intergrown, in a ground-mass showing quartz, microcline, 
plagioclase, sphene, a])atite and traces of biotite. 

Between Singhana and Khetri arc three largo and one small 
bosses of schistose and poiphyiitic granite. Of the same type are 
the granite hills at Gudha (75^35', 27°61'), isolated in the desert, 
and at Chinchroli (27®50', 75®48'). 

Chapoli,—The Chapoli (27°44', 76®36') intrusion is by far the 
largest met with up to the present in tho Dolhis, and has besides, 
to the south-east, several miJior bodies of the same composition. 
Its shape is curious—^tWo masses, lenticular in jdan, parallel but 
not in the same line, and joined by a narrow neck of granite which 
outs traversely across an ani-iclinc of Alwar quartzite, this being later¬ 
ally shifted along the line <»f intei^section. It is similar to all the 
other ()coun*enc(‘S above described, medium-grained, foliated and 
porpliyritic, and <mcl<>s(»s several xenoliths of epidiorite and very 
many of clark-griiy <jnai'tzite. East of Chapoli, near Mandhaora, 
pieces of (piartzite are enclosed in the granite near its margin, and 
have obviously been torn from the rocks in situ close by. North¬ 
east of Chai>oli tho actual junction is obscured by dibris^ but seems 
to bo with mica-schists, which are succeeded upwards by the conglom¬ 
erates of tho ridge. West of Udepur the contact is well seen, 
and is with similar rocks to those north-east of Chapoli, also passing 
up into congJomej’ates. Tho margin here is sharp, the granite 
stopping for tho most part at a particular plane of bedding or 
schistosity, without much iiregtilaiity. At the south end also, 
n sharp contact is soon, with quartzite blocks tom off and included 
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in the granite, and at the base of the semicircle of hills at the extreme 
south the foliation of the granite curves round parallel to the margin. 

III.—PEaMATITE VEINS. 

The pegmatites, like the epidiorites, are distributed practically 
all over the area, and are in force in more or less the same localities. 
They reach their maximum development near Buchara, to which 
place the following desciiption more especially applies. In other 
parts they vary little from this, except in colour and in the relative 
proportion of the component minerals. They are veiy coarse in 
grain, always unfoliated, and form veins (or sills) several feet thick 
and in the Buchara area often several yards across. Owing to the 
small scale of the accompanying map and the multitude of the intrus¬ 
ions, I have been compdled to omit them altogether. 

Near Buchara their felspar is salmon colour or pale pink, 
(in other places often white), and is the dominant mineral, 
forming large, optically continuous areas, as much as a foot 
across, in which felspar and quartz are graphica^y intergrown on 
a large scale. On ^weathered surfaces the felspar is shown as 
two varieties, perthitically intergrown on a small scale as well as 
pegmatitically with quartz. Under the microscope the dominant 
pmk felspar is seen to be microoline, the other perthitic ingredient 
bemg orthoclase or acid plagioclase. The eutectic portion of the 
magma is therefore a mixture of quartz, microcline and another 
felspar. 

Between these large compound crystals is a finer grained, but 
stall coarse aggregate of pale-pink or white felspar (orthoclase), 
with greenish muscovite and tourmaline in quite subordinate amount. 
The muscovite plates are smaller than a rupee, and the touinia- 
line crystals are 2 to 3 inches long and \ to inch thick as a maximum. 
In smaller veins the graphic intergrowths are often not developed, 
quartz and felspar crystallising together in the ordinary way, and 
either muscovite or tourmaline may be absent. Both muscovite 
and tourmaline were never found together in large amount; if one 
is in force the other is absent, or present only in very small quantity. 

An extreme modification of the pegmatite is the quartz-tourma¬ 
line vein-rock so widely distributed, in which tourmaline crystals 
are often zonally arranged along the centre of the vein, or at the 
sides with their bases parallel to the walls of the vein. The greatest 



Pabt 4.] Heron : Geology of Western Jaipur, 383 

development of these quartz-tourmaline rocks is east of Ajitgarh 
in the range of Alwar quaitzites, iorming large masses of tourmaline 
and quartz banded in black and white, as well as intermixed. The 
pegmatites were doubtless cooler or more viscous than the 
epidiorites and granites at the time oi their intiu&ion, as they have 
had little thermal effect on the rocks they invade; they include 
sharp-edged xenolithic blocks, without mutual interaction on their 
margins, and do not finely inject nor tray out the lamina} of the 
country rock. 

Their relatively younger j?oo than that of the granites is shown 
by their cutting across the Jainthpura boss at its south end, aiul 
at its north end near Eaipur, and by the total absence of foliation 
or crushing, indicating that they belong to an age when folding hrd 
entirely or almost entirely ceased. 

. It is only near Buchara that the pegnnililes are sufficiently 
abundant to jiroduce a distinctive topography of their own—bare 
rocky ribs extending along the general strike, with longitudinal 
gullies between, excavai.ed in the less resistant mctamoijihics. The 
larger intrusions resemble sills in keeping more or Iofs to definite 
horizons, but the smaller ones cut across the strike in all directions, 
and the parallelism of the larger is visible chiefly through the dissect¬ 
ion of the country by stream-courses. 

^ SOIL, ALLUVIUM AND BLOWN SAND. 

The soil is tlu' usual light loam of the Indo-Gangetic plain, and 
oveii where tlio surface material is loose imd shifting sand, this niore 
fertile and coiierent loaui forms a soiii o[ subsoil a few feet below 
the surface, expos(‘cf in stream channels and in wind-eroded hollows 
amongst the hummocks. 

Dunes oC blown sand cover considerable areas on the plains, 
esi^ocially in SJiekhawati, but they arc ol low altitude and support 
a cc3‘tain scanty vegetation, of specialised types, and the tall 

sirkanda ” or “ munj gi^ass. Being small and partially fixed 
by plants, they are here not the formidable enemy of cultivation 
that they are in Maj^war. These sandy tracts support large but 
widely separated villages dependent on a single monsoon harvest 
of “bajra” (bullrush milhi - Pe}wmtym typlioidenm) and pulses 
such as ^‘mung’’ {Plmeolvs mmgo) and ‘^moth” {Phaseolus aconi- 
tifolws) ; underground water is usually at too great a depth to enable 
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iraigated crops to be grown in the dry season and the soil is too 
poor and too porous for uninigated crops. Large flocks are kept, 
as the village tracts are large and as there is ranch unculturable 
land growing coarse grass and shrubs suitable for pasturage. 

I have elsewhere^ described the accumulations of sand and loam 
on the western sides of rocky ridges, heaped up by the strong hot- 
weather wind which blows steadily from the west when the land 
is at its driest and barest of vegetation. Other things being equal, 
the greater the length of unobstructed plain blown over, the greater 
should the accum^ation be when an obstacle is encountered. This 
is exemplified by the enormous masses piled up against the western¬ 
most ridge of the Shekhawati hills (PI. 24), in which may be 
noted also the deep watercourses cut by short spells of torrential 
rain, and the characteristic longitudinal ravine running parallel 
to the rock ridge and excavated by the concentrated drainage 
flowing off it. In some cases, where a break in the crest of the 
barrier allows of it, the sand is carried over and deposited as a fan 
or tongue on the lee side. PL 26 shows one of these close to 
Khetri, where the spit of sand is prevented from advancing across 
the vafley by the stream which truncates its tip every rainy 
season. 

On a lesser scale, a similar accumulation is met with on the lee, 
or eastern side, of the larger river-courses. Their beds contain 
no water except for a day or two in the year, when heavy floods 
bring down great quantities of detritus. This remains in the stream- 
bed, loose and unbound by vegetation, until the steady west wind 
of the hot season starts, when it is carried out of the channel and 
forms a belt of sandhills on the eastern or leeward bank, 

ECONOMIC RESULTS. 

Barring the copper and garnet mines the region is devoid of 
mineral wealth either actual or potential, for every show of a mineral 
known to them as an ore has been prospected by the inhabitants, 
and the country is in general so bare that nothing familiar to them 
can have escaped. In such circumstances it is only rarer minerals 
and those which the metal workers of a century or two ago did not 
use which can have remained imdiscovered, such as samarskite, 

Qeol Surv. Ind,^ VoL XLV, p, 102, 
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sclieelite, wolfram, duomito, etc. Having always in mind the 
possibility of finding such as these, I pavticiilarly searched the pegma¬ 
tites and quartz veins, without success. 

I give particulars of all occurrences ot economic minerals so far 
as known ; most of them are of no importance, being merely unsuccess¬ 
ful prospects or the sites of extinct activity. In the days before 
imported iron and copper, when the Khetri and Singhana mines 
were supplying much of India with co])per, and when every impoitant 
village in the Torawati and Shekliawati hills had its local iron- 
forge to supply the less fortunately situated plainsmen with swords 
and ploughshares, as well as for its own needs, a knowledge of sim]}le 
mineralogy and metallurgy, now quite extinct, must have been 
fairly widely disseminated. Metals doubtless had then a higher 
value measured against other local products, such as grain and live¬ 
stock, than they have at the present day, and deposits could then 
be worked which now cannot bo. To gi*eater profits in working 
and greater knowledge and interest among the people is due the 
activity in prospecting which these occuiTcnces bear witness to, 
an activity which is suiprising when it is considered how valueless 
most of them are according to present day standards. 

Qaoiiri. 

Mokaia. 

Copper. 
Traces of copper wore seen, in the dotaclied hill one mile N. E. of 

Gaonri (27‘’'12', 75° 53') whore a small shaft 
had been sunk, and in a shallow open working 

at Khora 5 miles S. \V. of Gaonri. 
According to Bose oojiper occurs at Jfokata (‘27° 19', 7G°8') 

in Narnaul, and 3 miles W.N.IV. of Mokata, 
neat Goliora, I saw some trac(‘H of copper, 

and in a well being dug, the schists excavated contained abundant 
iron pyrites lining cavities. 

Tho Boleshwcr copper and cop])or sulphate mines are situated 
halfway between Gaonri and Baipiir, near a 
noted temple of that name, and are ten or 

twelve small deep circular pits, most of which have fallen in, along 
a band of hard black quartsose schists about tho jimction of tho 
Alwors and Ajabgarhs. The Baribo naines in Alwar are similarly 
situated stratigraphioally. 

There are large slag-heaps and a group of ruined huts about the 
mines, but there is no local tradition of their having been worked 

Beleshwer. 
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and very few fragments of green-stained ore are lying about. In 
the same bed, or a closely adjoining one, arc large garnets, brown 
and quite opaque, but which are locally said to have been worked. 

The Khetri and Babai mines are owned by the Khctri State, 
of Singhana half belongs to Ehetri and the 

Sinshana, Khetri and other half is divided among the numeiou*- 
^ ’ Bhumias and Eajas of Shekhawati. A full 

description of these, and of the methods of extracting copper, copper 
and iron sulphates, and alum is given in the Manual ol the Oeologj 
of India, Part III, Economic Geology, hr Ball, pp. 260—263, 431. 
324—326, largely taken from a paper by Col. Brooke^, to which I 
need add little. Copper is not now extracted and was not being 
worked at the time of Hacket’s visit, but there seems to have been 
a revival of the industry during the reign of Eaja Jai Singh of 
Khetri, about 22 years ago. The reasons given for the stoppage 
of work are various, e.g., the necessary increase in the depth of the 
workings, causing the expense of emptying them of water after the 
rains to be prohibitive, absence of capital on the part of the miners 
and the discontinuance, on the death of Eaja Jai Singh, of financial 
assistance from the Khetri State in clearing the mines of water; 
neither exhaustion of ore, competition with imported copper nor 
scarcity of fuel was mentioned as a reason for stoppage. I saw 
much ore in the walls and the miners say that beneath the water 
which partially fills the mines, there is abundance still untouched. 

At Singhana about a dozen men, and at Khetri two, were, at 
the time of my visit, employed in steeping the efflorescence which 
coats the walls of the mines and fragments of weathered slates, and 
evaporating the liquor to extract the mixed salts, copjiei sul])hato, 
alum, and feirous sulphate. This is sold as “ nila-thotha (co])])or 
sulphate, probably the chief ingredient) at Es. 7 per maund.^ 
Formerly copper sulphate and alum were extracted and sold se]ia- 
rately at Es. 14 and Es, 4 per maund respectively, the mixed sulphate 
remaining fetching Re. 1. Kasis ’’ (ferrous sulphate) is also scraped 
from the walls and exported crude without purification or lixivia- 
tion. It fetches Ee. 1 per maund. The ‘‘ kasis efilorescence is 
grey, lighter and more powdery than that used for nila-thotha,’’ 
which is bluish or greenish, and tends to form in mammillated and 
stalactitic growths. 

1A, jSf. B., Vol. XXXIIi; p. 619, 
* These are. pre-war prices. 
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The Babai mines have long been disused as far as copper is 
concerned, but sehta ’’ (cobaltite and danaite)^ was worked for 
colouring enamels until about 1908, when it was displaced in the 
favour of the Jaipur enamcllers by a dearer but purer imported 
substance containing cobalt. “ Seypoorite ” or Jaipurite 
sulphide of cobalt, Mallet seems to consider does not exist. '' Sehta ’’ 
consists of minute silvery crystals sparsely scattered thi‘ough the 
same black slates which contain the copper ore, a good deal of which 
occurs with the“sehba.’^ The slates are ground in ordinary hand- 
mills and the powder washed; the heavy concentrate is sold at 
Es. 10 per seer. 

The mines (of copper and “sehta”) are in the upper part of 
the slate and schist zone lying below the quartzite on which 
Khetri and Bagor forts stand, and are almost continuous from 
Singhana to Babai, 15 miles ; there arc said to be some near Paprona 
also, but these I could not find. A few pits occur elsewhere than 
in this belt but would seem to l)c little more than prospecting 
shafts. 

Tho workings are quite irregular, commencing as narrow inclines, 
widening out into large chambers, contracting to narrow burrows, 
and ramifying as the ore led the miners, but their general direction 
is with the dip of the slates at a steep angle of 30®—GO®. 

The ore, copper pyrites with iron pyrites, is in irregular strings, 
layers and lenticles without any semblance of a true lode; the 
country rock is mostly black slate (sometimes uncleavod) more or 
less siliceous and splintery, with indefinite bands of impure 
quartzite, and amphibolite intrusions. 

Owing to the amount ol water in the mines, their ruinous condi¬ 
tion and tho reluctance of the local officials to allow investigation, 
I was unable to make any proper examination of them, but from 
what I did see I am of the opinion tliat the ore is in suJfioient quan¬ 
tity to justify a mining company in prospecting the deposits. To 
drain and reopen the workings would be of course a lengthy and 
expensive operation, but one offering possibilities of a large, low 
grade concern. Tho entrances to the inclines are high on the hih- 
stde, where the black slate outcrops, dipping into the ridge, and it 
is probable that many of the workings have not gone down as far 

^ Manual of the Oeology of India, Pt. Ill, p. 324 j Pt. IV, pp. 27—23. 
® „ ,, „ ,, Pt. IV, p. 17* 
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as the level of the valley floor; adits driven from the base of the 
ridge would probably ofier facilities' for the drainage and explora¬ 

tion of the ore-body. 

Iron. 

All over the Torawati and Shekhawati hills, near villages and 
sometimes in the jungle, are heaps of iron slag, the relics of a small 
but widely distributed industry when most villages had their own 
iron-furnaces. Few traces of actual mining have been seen, but 
there are many small ore-bodies the outcrops of which probably 
supplied enough material without excavation. 

In the Ajabgarhs between Raipur and Jainthpura (Jaitpura) are 
bands of micaceous hematite-schist, quartz 

Raipur. veins with hematite crystals and irregular hem¬ 

atite masses in the limestones (metasomatic replacements?), limile 
W. of Raipur, are two vertical beds of massive hematite (or a 
single bed faulted), varying from 5 yards to 1 yard thick, in mica 
schists, and traceable for over two miles along the strike; they are 
rather irregular, dying out and reappearing again several times 
and breaking up into thinner bands, but seem to be fairly free from 
visible impurities. (Reg. No, 26*864). 

S. and S. E, of Raipur are numerous similar masses, but smaller, 
and also quartz-veins containing much hematite in crystals. (Reg. 
No. 26*863). 

Among the hills between Teonda and Maonda there are many 
lenticular bodies of massive hematite, none of them large, and 
failing short of economic importance. 

The iron-mine at Ragonathgarh is in brecciated ferruginous 
quartzites and is quite useless economically. 

Ragonathgarh. ^ ^ 

Quartz, rock-crystal, “Bilor.” 

"Wliere the Agra-Ajmere road crosses the low ridge of AxavaJits 
1 mile U. E. of Dosa, are a number of very 
thick white quartz veins, the outcrops of which 

are chipped and the pieces sent to Agi'a to be used for glass fox 
bangle-making. 
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The crystal quarry at Nawai is long disused. It is a fissure in 
the quartzites lined with well crystallised 
quartz. All I saw w'as quite milky, but in 

crystals up to 3 inches long and 1 inch in diameter. 
The rock-crystal mine at Hathuna, 9 miles N.E. of Tonk, is a 

deep shaft sunk in the Aravalli quartzites. 
Hathuna. xt j c- j. j 

No quartz nor even fragments of pegmatite 
was seen near the pit, and there is only a tradition that bilor ” 
was once quarried there. 

Nawai. 

Kaisar* 

Mica, “ Bhodal.” 

An occurrence of muscovite at Kaclierda (Katrera or Kacharara), 
Kacherda. east of Eaipur, is triflin^r and useless. 

That of Kaisar (marked on the 1 inch map as “ Mandai’,” in a 
gorge miles west of Patan) is the best seen in 
Jaipur. It is a large pegmatite vein, which at this 

point is rich in muscovite, but dsewhere carries tourmaline and 
little muscovite. The plates are as large as 6 inches by 3 inches, but 
are nearly aU cracked and break easily (Reg. No. 26-867). It has been 
prospected to some extent and large piles of fragments lie about. 

The next best mica was seen immediately east of Sialdro or 
Sarodliara (27‘’52', 76°2') in Namaul, in 
plates up to 2J inches by 1 inch, and in large 

quantity. It also has been worked. 
Two other instances of muscovite mined to a trifling extent 

for ])urely local uses are at Nasirda, 6 miles 
N.W. of Rajraahal, and Charxmd, 6 miles E.N.E. 

of Tonk, both in pegmatite intrusive in the Aravallis. The largest 
pieces seen were about 1 inch by 2 inches and quite clear. 

The chief local ust's of mica are as ornamental discs sewn on 
women’s clothes, as a decoration on pottery, and, mixed with red 
powder, to throw about during the Holi festival. 

Garnets. 
The old garnet mines are at Toda Rai Singh and a number of 

villages south and west of Rajmahal—G-aonri, 
Toda Ro* Singh and gatoi, Kundero, Dudas, Khera, KhusiaJpura and 

* ’ Nasir^. They have long been closed by the 
Maharajah’s order and a guard of State troops is posted continuously 

Sialdro. 

Nasirda and Charund, 
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to prevent anyone from examining them. They are really alluvial 
workings, small pits dug in the soil lying in hollows on the surface 
of the AravaUi schists and in stream-beds, where the garnets weather¬ 
ed out of the schists coUeot naturally. They were disused at the 
time of Hacket’s visit but have since been worked for a short period 
by a Mr. Tellery who was for some time manager of the Jaipur 
gasworks. The stones were exported, I believe, to Austria. The 
“ real Jaipur garnets ” so extensively sold to tourists by the Jaipur 
jewellers probably come from localities in Ajmere and Kishangarh. 
The sand of the Banas Eiver and its tributaries is highly garneti- 
ferous. 

Other localities in the north of the State where garnets are said 
to have been worked in the past are Beleshwer {see copper), north of 
Babai and near Paprona.^ 

A garnet mine reported at Rondil, was probably amethyst.^ 
This was opened about 1885, but the amethysts were small and 
inferior- I was unable to find this mine. 

Beryl, 

A mile south of Toda Eai Singh, in the pegmatite veins which 
m j j os t. l^®2re profusely inject the schistose conslome- 

rates at the base of the Alwar Senes, are 
several excavations in which beryl was worked. Many years ago, 
they were stopped and filled up by order of the Maharaja. The 
crystals of beryl occur scattered irregularly through the whole width 
of the pegmatite veins and are usuaEy of a pale green colour, opaque 
and excessively cracked. Between this and Tonk,® pieces of beryl 
are frequently picked up, and it is a very common mineral in the 
pegmatites north of Ajmere City, in the latter case being usually 
honey-yellow and opaque; the pale blue variety (aquamarine) is 
rarer. I have never seen any worth cutting as a gem, nor have I 
heard of any such being found in recent years. 

At Ninjar (27° 26', 76° 3') there is said to be a '‘panna’’ min^ 

Nlnjar closed by the State many years ago. I en¬ 
quired at the village but the existence of any 

^udh thing was emphatically denied by the patel and patwari 

^ Manual of tlie Geology of India, Pt. IV, pu 89. 
* *' 99 99 99 IV, p. 67. 



Part 4.] Heron : Geology of Western Jaipur. 391 

As I heard of it from several uncoonected sources, in other villages, 
I have no doubt that some green stone has been worked here. 
“ Pannais the Hindustani name for emerald. 

In this connection some stones sold by the Jaipur jewellers, 
cut into smooth ovoid beads, may be mentioned. They are trans¬ 
lucent, slightly clouded quartzite of two shades of green, spangled 
with small scales of silvery mica. The paler kind is said to come 
from Khandela and is sold as beryl,’" the dark shade, alleged to be 
from near Ajmere, is known in the trade as “ jade.” A pink stone 
called “ pink topaz,” the jewellers told me, was the beryl ” arti¬ 
ficially coloured. (Green and pink stones exactly like these are sold 
in Kashmir as beryl.) 

The colour in the green stone is not homogeneous and is com¬ 
pletely discharged on strong heating, leaving the quartzite white, 
crumbling and porous. On soaking in coloured ink, a certain amount 
ol the dye was absorbed by minute cracks, so that it is possible 
that even the green colour is artificially introduced. 

Steatite. 
There is an unimportant occurrence of steatite in a layer in Ara- 

valli schist at the south end of Nawai hill. It is 
contaminated by cellular ferruginous silica, and 

is schistose and unsuitable for carvring. 

Kaolin. 

The kaolin mine of Buohara is in ])egmatites just above the 
village. There are two excavations, running 30 

uc ara. about 10 feet in 

diatneter. It is worked by tlie village potters and the method of 
washing the kaolin is the same as that followed at Kasumpur, 

near Delhi,^ 

Marble. 

The Baislana (27® 39', 76® 9') quarries are in crystalline Ajabgarh 
limestones, dark grey, or banded light and dark 

Baislana and Maonda. lying in low undulating folds with minor 

contortions and puckorings. The stone is hard 
and homogeneous, of pleasing colour and takes carving welL It 

^ Vol XLV, p, 1^4 
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is in extensive local demand for images, millstones, mortars, door- 
lintels, etc., as well as for ordinary masonry and lime-bnrning. 
There is a little white marble at Maonda. 

Lime. 

The usual source of lime is concretionary carbonate of lime, 
“ kankar,’’ which is found almost everywhere a little distance below 
the surface of the alluvium, but many of the limestone bands are 
quarried in a small way for burning. At Raori (26° 57', 76° 2') 
is a large excavation in a trap-veined limestone which is said to 
produce a specially good lime. 

Building Stone. 

All over the State there are numerous small quarries, usually 
in the more flaggy and micaceous beds of the Aravallis and Alwars, 
and these supply the villages in their neighbourhood with their 
limited requirements in the way of building stone. 

A few have a wider market, either on account of their being on 
the railway or because of some superiority in their product. Of 
these I have described the Raialo marble quarries in my Memoir 
on North-Eastern Eajputana^, and those of Baislana I have mentioned 
above. 

The flagstone quarries of Bankri (Bhan Kari Railway Station)- 
n < s ^ f XI. 2ind Kalaotha, on the railway line from Jaipur 
Bankri and Kalaotha. ^ J i i 

to Agra, produce a rough, hard, strong stone, 
unsuitable for ornamental work, but cheap and well suited for i)urely 
utilitarian structures. “ Pattis,'’ prismatic monoliths for beams, 
lintels and jambs, I have seen up to 25 feet long, and “ katlas,*’ 
paving and roofing flagstones, up to 4 feet square. 

Jasrapura. 
Similar stones are *got from the quarries of 

Jasrapura (28° 2', 75° 46'). 
When I visited Ragonathgarh, before the branch railway which 

Ragonathgarh. passes near it was constructed, there was 
a considerable local industry in quarrying and 

carving this excellent stone, and it was exported by camel all over 
Shekhawati and Bikaner, and even to the Punjab. The railway 
should give it a more extended market, for it is a white, fine-grained 

^Mem.,Ge:>L Ind., VdL XLVipp. 26-28. 



Part 4.] Heron : Geology of Western Jai^pur, 393 

freestone and can be extracted in very large thick slabs. South 
west of Eagonathgarh, as far as Lorero, are nnnaerous quarries of 
inferior stone. 

EXPLANATION OF PLATES, 
Plate 22.—Lalgarh conglomerate. 
Plate 23.—Fias, 1 anb 2.—Topography of Ajabgarh schists and quartzites, near 

Khetri. 
Plate 21.—Sandhills on west of range, near Khetri. 
Plate 25.—Panorama of Khetri. 
Plate 26.—Sections across geological maps. 
Plate 27.—Geological map of Western Jaipur, northern section: scale 1^=;4 

miles. 
Plate 28.—Geological map of Western Jaipur, southern section: scale l^=s4. 
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LOCALITY INDEX. 

- — Latitude. Longitude. 
T- 

o / o / 

Atonraol . ^ • • 27 8 76 1 

Ahirwala 27 37 75 54 

Ajitgaih • • 27 25 76 53 

Ajmiri « • 27 80 75 68 

Asilpnr m • * 26 56 75 29 

A'wau • • • • 25 48 75 40 

Babai • « • • * m 27 53 76 49 

Bagri • • • • m 26 27 76 26 

Baislana « • • « 9 27 39 76 9 

Baitskbo • « 26 60 76 12 

Baordi • 26 20 76 17 

Barha . • • 27 16 75 65 

Baxoda • • 27 20 76 6 

Basi • • • • 26 60 76 0 

Beobnn « * • 26 49 76 25 

Bbagwaatgaih • - 26 9 70 18 

Bifaaripqr • • • • 27 53 ' 76 67 

Bacbara « • • 27 33 76 2 

OhaaQdeain , • • m • 26 19 76 30 

ChapoH • • • • 27 44 75 36 

Chatsn • • • • 26 26 76 0 
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Cbauth (Ohoat) ka Barwara 

Ohinobroli • 

Chiplata 

Dadeha (near Jatwara) • 

Dariba 

Dantal 

Bhule 

JDansa « • « 

Duni • . • • 

Gazior • * « • 

Gaonri 

Gar • • « • 

Gori • * • . 

Gndha 

Isarda 

Jdtithpnra (Jaitpnra) • 

Jaipur City • 

Jusrapura • 

Kakor • • • 

Kalaotba 

Karela * » » 

TCHaTid ola ^ « 

Latitude ica^e< 

o / 0 

26 3 76 12 

27 60 76 48 

27 34 j 75 65 

26 62 76 12 

27 40 76 67 

27 40 76 4 

26 66 76 12 

26 64 7b 24 

26 62 76 33 

26 22 75 23 

27 42 75 63 

26 62 76 44 

23 2 76 1 

27 63 76 36 

26 10 76 5 

27 30 76 0 

26 60 76 63 

28 2 76 46 

26 1 75 60 

20 68 76 20 

26 17 76 33 

27 36 76 33 
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- — Latitude. Longitude. 

o / o / 

Bllietxi « * • • • m • a 28 0 76 61 

Kot • • a • • • • a a 27 40 76 29 

Lalgarh • a • • a * a a 26 47 76 9 

Mcmohaxptir • a m • a a a 27 18 76 1 

Maonda • « • • a a a 27 49 76 62 

Mokata • m « • • • a a 27 49 76 8 

Morijo « • • • • a a 27 10 76 49 

Mnndeta « a • • • • • a 27 1 76 38 

Nawal • a • a a <k 26 22 75 69 

Nina • • • • • • a a a 27 4 76 6 

Ninjac • • • • • a a a 27 26 76 3 

Papiona m « a m a a a 27 66 75 61 

Patau • • a • m a a a 27 48 76 2 

Ponk-Gorha a • • • a a a 27 60 75 41 

Eag(HiatbgaxbL • m m 0 a a a 27 40 75 24 

Paipnr • m m a a a 27 44 76 1 

JEUjzoahal • m • m a a a 26 63 75 32 

Bamgarh m a • • a a 27 1 76 4 

Beawai • • • • a a 26 42 75 43 

Eondil « • a « • • a a 27 14 75 56 

^alaidipoza » • a • m • a a 27 39 76 36 

Samod a ♦ « - a 27 12 76 62 
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— Latitude* Longitrde. 

O / o / 
Sangrua. 27 36 75 22 

Sarsop. 26 11 76 7 

Sialdro (Sarodhara). 27 62 76 2 

Singbana. 28 6 75 64 

Teonda. 27 58 76 66 

Toda (Rai Singh). 26 2 75 33 

Toda (Torawati). 27 38 76 69 

Tonk. 26 10 76 51 

Tori. 26 13 76 29 

T'^depui 27 44 76 32 
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Geological Traverses from Assam to Myitkyina, 

THROUGH THE HUKONG VALLEY; MYITKYINA TO 

Northern Putao ; and Myitkyina to the Chinese 

Frontier, by Murray Stuart, D.Sc. (Birm.), F.G.S., 

late ^Assistant Superintendent, Geolo^cal Suroey of 

India, (With Plate 29.) 

L—introduction. 

The area covered by tbis report is that lying betVeen 
longitude 96“ E. and the Chinese frontier, and between 

latitudes 25“ N. and 28“ H. In the north-west of the area the inhabit¬ 
ants are Mishmis, Singphos, and Nagas. The Singphos occupy the low 
dat land and practise wet cultivation. The Nagas are an exceed¬ 
ingly primitive people; they live in the mountainous area and 
practise hiU-side cultivation. The Mishmi country was not visited 
by me but the people are similar in habits to the Nagas. In the 
north-east of the area and down to about latitude 27“30', the inhabit¬ 
ants of the country are Nungs. South of the Nung country is a 
r^on inhabited by the warlike Lisus, and south of this is the 
Htawgaw Hill Tract inhabited by Lisus, Lushais, Marus, Chinese 
ShaiQS, and Eachins. 

The Putao plain is occupied by an isolated colony of Shans, a 
few representatives of which are to be found within the Assam 
border, having been expelled from the Putao plain in past inter- 
village wars. Between the Naga Hills on the west and the 
various tribes mentionSd above as inhabiting the eastern side of 
the area, is a vast tract of country peopled almost entirely by 
Kachms. 
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The central portion of the tract consisting of the Naga Hills, 
*the Hukong Valley, and what is known as the “ Triangle ”—^the country 
lying between the Mali Hka and the ’Nmai Hka—^is aE unadminis- 
tercd, and almost unexplored, country. 

In November 1920 I was deputed to accompany the 
Hukong Valley Railway Survey on an exploratory trip through 
the Hukong Valley from Ledo in Assam to Mogaung in the 
Myitkyina ^strict of Upper Biuma. "While on this expedition 
I received orders to proceed from Myitkyina to the Chinese 
border to investigate some galena deposits there. In this way 
I made a geological traverse from Ledo in Assam, through 
Myitkyina to China. In 1917-18 1 made a geological traverse 
from Myitkyina to Putao through much of the Nung country.^ 
These traverses, together with what was already known from 
geological surveys by P. Nootling, C. L. Griesbach, J. M. Maclaren,, 
A. W. G. Bleeok, and J. Coggin Brown, arc sufficient to enable 
me to describe approximately the geological structure of the North- 
East Prontier; they ore especially intei-esting in that they confirm 
former theories regarding the ancient distributions of land and 
water, and the ancient river systems of the n6rth-east corner of 
the Indian Empire. 

Neglecting the Brahmaputra valley in the north-west of the area 
and the Irrawaddy valley south of Myitkyina, 

CBraate * general geography is that of a large alluvial 
plain surrounded on all sides by mountains, 

highest and most rugged towards the Tibetan and Chinese borders, 
and lowest to the south. In addition to the Ifokong VaUey, there 
is a second smaller alluvial plain surrounding Fort Hertz, tho 
headquarters of the Putao district, also completely shut in by 
mountains. Its ancient nanxe, Hkarapti Long, is now rapidly 
falling into disuse in favour of tho more modern designation, the 
Putao plain. Geographically the area can be divided into two 
portions, western and eastern. The western portion consists of the 
Hukong valley surrounded by mountain ranges which foEow a more 
or less eEiptical course around its borders, with rivers and streams 
that meander about the vaEey foEowing no one definite direction; 
the eastern portion consists of high mountains and steep narrow 
valleys, containing the great rivers Mali Hka, ’Nmai Hka (Irrawaddy 

“ Tfao GaJona dopobits of Kotth-Eoslorn See. Oeol. Sarv. Ind., VoL L. 
pp.241-234, (1019). 
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propCT), and Salween, all of wMcli run approjamately from north to 
south. 

The climate of the area can also be divided into two kinds, 
that of the northern portion, or the portion lying north of latitude 
26°40', and that of the portion lying south of it. The climate of 
the northern portion is one of wet mists and rain. A period of 
almost daily rain commences in February and continues until 
June, when the downfall becomes much heavier with the advent 
of the ordinary south-west monsoon. This continues usually until 
well into September. For the rest of the year a heavy wet mist 
envelopes the country each night, and remains filling the valleys 
until it is dissipated % the sun at about nine or ten o’clock in the 
mornings. The natural consequence of this is that the country is 
coveted with dense forests with thick luxuriant undergrowth. So 
thick is this undergrowth as a rule, that progress across country 
can only be made by cuttii^ a path, and the rate of 
progress is limited to a fevj miles a day. The climate of the 
southern portion is less humid. Bainfall during the period Feb¬ 
ruary to June is generally restricted to occasional lowers and 
storms, and, speaking generally, the Earns do not break until the 
commencement of the south-west Monsoon in June. There is of 
course no hard and fast line between these two climatic areas, but 
latitude 26‘‘40' is the approzimate dividing line between the 
two. 

In the wet northorn zone leeches abound and form one of the 
most vivid memories of a trip through the area. Except high on 
the mountains the area is unhealthy, malaria being prevalent, and 
in places, especially towards the north-east, black-water fever is 
conunon. 

Eoads ate few and far between throughout the area. There is 
a badly kept mule track through the Hukong valley, more or less 
impassable during rain. A district road is being constructed from 
Mogaung to Kamaing, whence there is a good road to the Jade 
mines. A good mule road exists from Myitiyina to Fort Hertz, 
another from Myitiyina to Forts Htawgaw and Hpimaw, though 
all of these are closed during the rains. In addition there are 
numerous good mule tracks throi^h the Hung coimtry and through 
the Htawgaw HUl Tract. A motor road is being constructed from 
Myitkyina to Fort Htawgaw, but it will be many years before it is 
completed. 
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II.—OEOLOGICAL TRAVERSE FROM ASSAM, THROUGH THE 
HUKONQ VALLEY, TO MYITKYINA IN BURMA. 

The route of the traverse is along the proposed rail-vray track 
from Namchik, near Ledo, in Assam, over the Patkai range, which 
is the watershed between Assam and Burma, along the valley of the 
Loglai river to its junction with the Taron, thence down the Taron 
approximately to its junction with the Tanai Hka (Upper Chindwin 
river); from that point the traverse follows the main trade route 
through the centre of the Hukong valley and down the Mogaung 
Chaung to Mogaung Eailway Station (Burma Railways). Certain 
areas on or adjoining the route traversed have already been surveyed 
and reported on. The principal publications which I would refer 
to are:— 
La Touche, T. D. . Geology of the Upper Dehiug Basin in the 

Singpho BBUs, Rec. Geol. Surv. Ind., Vol. 
XIX, pp. 111-115, (1886). 

Nootling, P. . . Jadeite in Upper Burma, and Burmite a 
new fossil-resin from Upper Burma, J?ec. 
Geol. Surv., Ini., Vol. XXVI, pp. 26-31, and 
31-40, (1893). 

Maclaren, J. M. . Geology of Upper Assam, Rec. Geol. Surv. 
Ind., Vol. XXXI, pp. 179-204, (1904). 

Bleeck, A. W. G. . Jadeite in the Kachin HiUs, Upper Burma, 
Rec. Geol. Surv. Ind., Vol. XXXVI, pp. 
264-286, (1908). 

Hayden, H. H. . Coal Fields in North-East Assam, Rec. Geol. 
Surv. Ind., Vol. XL, pp. 283-319, (1910). 

Oldham, R. D. . Report on the Geology of part-s of Manipur 
and the Naga Hills, Mem. Geol. Surv. 
Ind., Vol. XIX, pp. 217-242, (1883). 

Pascoe, B. H. . . Petroleum Occurrences of Assam and Bengal, 
Mem. Geol. Surv. Ind., Vol, XL, p. 270, 
(1914). 

„ „ . . Coal in the Namchik valley. Upper Assam, 
Rec. Geol. Surv. Ind., Vol. XLI, p. 214, 
(1912). 

The above is not intended to be an exhaustive list of aU the 
publications containing references to portions of this area. Earlier 
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references are given in tlie various reports and the results have 
been incorporated in the papers enumerated above. 

Leaving the boundary of Maclaren’s Carbonaceous series near 
Namphuk village, the route lay approximately south across the 
hills of Tipam sandstone and down again into the valley of the Nam 
Phuk. Here grey slaty sandstones and slaty arenaceous shales were 
met with, dipping at about 45® upstream, and apparently covered 
unconformably by the Tipam sandstones. The age of these slaty 
sandstones and shales is obscure. No fossils were found in them, 
but from their striking resemblance to similar rocks on the other 
side of the Patkai range, which I correlate with Mallet and Hayden’s 
Disang series, there seems no alternative but to class them with 
the Disang series. 

Near Nam Bong these Disang rocks are again covered by the 
sandstones of the Tipam series, which constitute the Patkai range 
and extend across the range to the Dugung river, where again the 
underlying Disang rocks are exposed. The structure of the Patkai 
range is that of a broad B3aicline, the axis of the syncline being 
approximately coincident with the crest of the range. Prom the 
Dugung river slaty shales and sandstones of the Disang series are 
exposed aU down the vaJley of the Loglai river to its junction 
with the Taron, and thence down the valley of the Taron as far as 
the Gedu river, the strike of the slaty cleavage being almost imiver- 
sally parallel tjo the axis of the Patkai range and the dip generally 
at a high angle towards the range. Prom the splintery nature of 
the shales, and their general characteristics, and from the fact that 
about four miles below the Dugung river they contain a bed of 
distinctly carbonaceous shale and in places salt licks, the similarity 
between these rocks and Hayden’s Disang series seems to bo complete.^ 
Near the bed of carbonaceous shale I discovered a few poorly 
preserved LameUibranchs which do not admit of identification 
(K. 21,200).® 

A point of interest about these rocks is that in the neighbourhood 
of the Namyuhg river, and between that and the Ta-ap river, and 
also in the Gedu river, serpentine intrusions occur in them, similar 
to the occurrences mentioned by Mr. R. D. Oldham {Mein, Geol, Surv, 

^ Edit, Carbonaceous shales are more typical of tho ** Coal Measures s«ilt licks are 
also oharaoteristic of this series. 

* The numbers in brackets refer to the registered numbers of tho spocimons in tho 
coUeotions of the Geological Survey of India. 
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ImL, Vol. XIX, p. 224) and Dr. Pascoe (J2ec. Oeol. Sitrv. Ind.y Vol. 
XLII, p. 251). The Disangs of the Nam Phuk, Loglai, and Taron 
are practically free from qiiaitz veins, bat in the neighbourhood of 
the Ta-ap seipentine intrusions they show signs of metamorphism 
and are in places converted into what might edmost be called 
mica-schisls. 

I obtained no direct evidence whatever to enable me to form 
an opinion as to the age of the Disang series and have therefore 
no option but to accept the present view that they are probably 
the equivalents of part of the Negrais rocks of the Arakan Yoma. 
The discovery of the ammonite found by Noetling in a pebble^ 
strengthens this view since the only fornaation from which that 
pebble could have come would appear to be the Disang series. 
The age of the serpentine intrusions when established wiU help to 
fix the age of the Disangs. The youngest rocks that I know of at 
]'rosent that are travers('d by serpentine intrusions are rhe coal- 
be.iting sandstones of Tlonzada, which I correlated provisionally 
with the Laki stage.® The evidence provided by Noetling's ammonite, 
the poorly preserved ammonite found by Hayden in and the 
serpentine intrusions, seems to support the view that these rocks are 
in p<«rt at least Cretaceous and equivalent to some of the Negrais 
r<>(*kfi. It is the xie\x held by Hayden and is supported by all the 
ovidonce I have been able to obtain. 

South of the Oedu river the Tipani sandstones again overlie 
the Disangs, and dip S, F>. E. at 25°. The junction with the Disangs 
is an unconformable one and the basal beds of the sandstone series 
are eonglomciatie, containing jicbbles and IVagnientR of both the 
Dihang locks and the &eji>entine. Southwards, down the Taron 
river, the dip of the sandstones becomes sicepor, until in the Taron 
gorge, commencing at the Hiluk confluence, the bods are dipping at 
45^ the northern bank of the gorge being formed by the dip 
slope of the rooks, and the southern side by the sear]) face. The 
course of the river here is determined by the strike of the rocks, the 
mountain range which forms the southern side of the gorge being 
apparently formed by beds of Tipam sandstone that arc slightly 
harder than usual and consequently form a marked geographical 
feature 

^ Loc. p. 34. 
Oeol JSttrv, Ind., Yoh XU,i\ 250* (1012). 

» Loo. cit, p. 288. 
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This portion of the area is quite unsuxveyed and the topographical 
maps of this vicinity available at the time of my traverse were 
merely the result of guess woris: and unfortunately give no idea of the 
actual topography. Below the gorge and down to Siraw the dip 
gradually ftattens, and the Hukong valley is situated in a broad 
flat basin of Tipam sandstones. The centre of the valley is covered 
by a broad flat sheet of recent alluvium. A few miles S.S.W. 
of Maingkwan a low range of hiUs crops out from under the alluvium. 
It is on these hills that the famous amber mines are situated. Tlie 
eastern flank of the hills consists of grits and conglomerates belong¬ 
ing to the basal beds of the Tipam series ; these are dipping at a 
low angle towards the east. 

Underneath them on the western portion of the hills is a blue 
clay weathering to a dull brown colour at the surface. This blue 
clay is the true home of the amber, which is found in the form of 
irregular lumps in the clay. No mines were actually being worked 
when I visited the hills, but the whole outcrop of the clay seems to 
have been dug over at one time or another; the principal localities 
are at the north end of the range where work is done nowadays, 
and at the southern end of the range, near Lalaung, which used to be 
the chief mining centre. No dips were visible in the clay when I 
visited the hills, but Noetling records a dip of 88® towards the west. 
Just below the base of the Tipam basal conglomerate numerous 
pits had been sunk in the clays for flint, which occurs as nodules in 
a thin chalky limestone. This limestone was nowhere exposed, 
but much of the debris around the pits contained fragments of it 
and amongst these fragments I discovered one containing numerous 
specimens of Nummvlites biarritzensis^ d’Axch., which is a characteristic 
fossil of the uppermost beds of the Lower Earthars. This was not 
found m sztu, but the improbability of its having come from anywhere 
but the chalky limestone of the pit is so great that I have no hesita¬ 
tion in accepting it as evidence of age of the lowest exposed beds of 
the clay. There is further evidence in support of this view that the 
clays are Eocene. Dr. F. A, Bather of the British Museum after 
examining some insect-containing amber collected by Mr. E. 0. J. 
Swinhoe of Mandalay, concluded that there is reason to believe 
that the iusects are Eocene and possibly lower Eocene. The fossil evi¬ 
dence, such as it is, assigns the clays to the top of the lower Kirthars, 
a conclusion in close agreement with the age deduced by Dr. Bather 
from a preliminary study of the insects in the amber. 
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At tlie southern end of tie Hukong valley proper and between 
it and the KaTnaing sub-division of the Myitkyina district, Tipam 
sandstones again crop out from under the alluvium, being buried 
along the neighbourhood of the main trade route by a covering of 
sandy laterite. From there onwards to Mogaung, the geology, 
wherever I saw it, agreed with Noetling’s published map. As the 
geology of the Jade Mines area had been thoroughly worked out by 
Dr. Bleeck, I gave up the idea of visiting it. 

III.—QEOLOaiCAL TRAVERSE FROM MYITKYINA TO 
NORTHERN PUTAO. 

This traverse was made by me in 1917-18, and the portion of it 
situated north of latitude 27® has already been described [Bee. Oeol. 
Surv. Ind., Vol. L, pages 241-245, (1919).] It is now of interest 
to publish an account of the remainder of the traverse, namely, the 
portion from Myitkyina to Lat. 27°, because it indicates the extent 
and eastern boundary of the Tipam sandstone area. 

Proceeding nortWards from Myitkyina the Putao road lies 
first on rivet alluvium as far as Sa-kap, where slates, phyUites and 
quartzites of the Metamorphic Series are encountered. Just north 
of the Pungin Hka these metamorphic rocks are pierced by an intru¬ 
sion of serpentine. In the neighbourhood of Nsop Hka they con¬ 
tain ‘ calc-gneisses,’ and from there onwards the road passes over 
slates and phyllitos as far as the 54th mile, where Tipam sandstones, 
dipping gentiy to the W.N.W., are encountered. From this point 
as far as the Putao plain the road follows roughly the boundary 
of the Tipam sandstones with the older rooks. The general dip of 
the sandstones is towards the west, and they can be seen forming 
one low ridge after another, all dipping gently towards the Kumon 
range. In character they are exactly similar to the Tipam sandstones 
met with in the previously described traverse through the Hukong 
valley. Along the Putao road they contain occasional thin bands 
of blue clay, which is frequently full of leaf impressions; in places 
the sandstones themselves show leaf impressions. As in tbe Naga 
TitIIh and the Hukong valley, the sandstones are conglomeratic at 
iheir base, and contain in their lowest beds fragments and pebbles 
derived locally from the rocks on which they are unconformably 
superimposed. This is particularly noticeable north of Lat. 26°30' 
where the basal beds fu;e thick coarse conglomerates containing 
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pebbles of tbe syenite-gneiss, which, is there intrusive into the under¬ 
lying metamorphic series. Moreover, for some distance above tlie 
basal conglomerate the sandstones are full of kaolin duo to the decom¬ 
position- of the felspar derived from the underlying gneiss. For a 
description of the rest of the traverse the reader is referred to the 
published report, already quoted, on the galena occurrences of 
north-eastern Putao. 

IV.—QEOLOQICAL TRAVERSES ALONG THE CHINESE FRONTIER 
IN Nv>R I H-EASTERN MYITKYINA. 

These traverses were made during a visit paid in 1921 to the 
galena mines situated on the Shweli-Nmai Hka divide between the 
Fenshuihng and Lagwi passes. The route followed lay first through 
Wasang and Seneku to the ’Nnaai Hka, then along the left bank 
of the ’Nmai Hka to the Chipwi Hka and finally along the military 
mule track to Fort Htawgaw. Thence I made three traverses, 
one through Fort Hpimaw and Chueh-ho to the Fenshuiling pass, 
one to the galena naines vid the Lagwi pass, and one along the Ngaw- 
chang Hka to its confluence with the ’Nmai Hka. 

From Waingmaw, opposite Myitkyina, to “Wasang the road 
passes over recent alluvium. At Wasang the basic trap, mapped by 
Griesbach, crops out in the river bed, and thence to Seneku the 
rocks are Metamorphics with much intrusive granite-gneiss and 
basic trap. From Seneku to Chipwi Hka the rocks are practically 
all intrusive granite-gneiss. Here and there, small areas of the 
Metamorphic series are included in the main granite-gneiss intru¬ 
sion, but these are neither frequent nor big enough to show on a 
map of the scale of that published with this report. From Chipwi 
Hka to the Hpyepat valley the same intrusive granite-gneiss is seen, 
while in the Hpyepat valley itself finely crystalline white and bluish 
white limestones are met with, running in a northerly direction and 
dipping almost vertically. The same crystalline limestones are seen 
again in the Ngawchang vaUey at the mouth of the Wuniaw Hka, 
and forming the central core of the range west of Kabap. This 
strip of crystalline limestone is included in the great granite-gneiss 
intrusion and along its edges the limestone is penetrated by numerous 
veins of granite, making it impossible to map a definite boundary 

« between the two rock series. The eastern boundary of the crystal¬ 
line limestone area is found near Langyang and from this point 
to Hpimaw village and also to the foot of the final steep ascent up 
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the Lagwi pass, the routes pass over the intrusive gianite-gneiss. 
The route along the Ngawchang valley folloTvs the boundary of the 
crystalline limestone area, mctamoii>hoscd sediments traversed by 
veins of granite occupying the west bank and the mam gjanite- 
gneiss intrusion the right bank. At the confluence of tlie Ngaw- 
chang Hka with the ’Nmai Hka the rocks arc massive gi'anites 
slightly fohated. 

Erom Hpimaw a band of sedimentary rocks consisting of lime¬ 
stones and shales stretches in a southerly direction to the Fenshuiling 
pass, the pass itself being a low col in the frontier range formed by 
the denudation of a band of soft red shales. Near Hpimaw 
yellow shales arc met with as far as Chueh-ho, where red earthy 
crinoidal limestone is exposed on the road below the district hut. 
This limestone appears to he identical with tliat described by Dr. 
Coggin Brown as occurring in western Yun-nan and ascribed by him 
to the Ordovician.^ South of Chueh-ho these red, earthy, crinoidal 
limestones are associated with greyish white, b3*ecciated limestones 
which seem to correspond in every way with Dr. Coggin Brown’s 
Devonian. These hrecciated limestones stretch away southwards 
to the neighbourhood of the Eenshuiling pass. The Lagwi pass, 
on the other hand, is situated on dark gi'oy, fine-grained, siliceous 
tuff, composed of highly angular quartii fragments surrounded by 
finer material containing much chlorite. The tufl has obviously under¬ 
gone alteration, chlorite Laving developed at the expense of the 
original dust. Tuffs of this type, with very little vaiiation, extend 
north-eastwards throughout the core of the frontier mountain range 
fo3* about three and a half miles to the sharp easterly bend in the 
frontiei*, where the Chinese galena mines are situated. Here the 
tuff, slightly more silicified but otherwise exactly similar to that 
exposed in the Lagwi pass, is in contact with white ciystalline 
limestones, which I rogaid as altered Palccozoic limestones similar 
to those seen near Kamaing in the llukong valley. At fclio contact 
of the limestones and the tuff a band of crystalline zoisite occurs, 
the mineral showing beautifully developed radiating structure, 

A peculiar calcite-mica-magnetitc-pegmatite carrying occa¬ 
sional galena, pyrite, and chalcopyrite, also occurs along the contact 
plane. The frontier range at this point is between 11,000 and 11,500 
feet above sea level. The contact zone between the tuff and the 

menu aeol Sun, Ind., Vol. XLVH, p. 52, (1920). 
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•ciystalline limestone is veined and sparsely impregnated with galena. 
Veins of slightly cupriferous pyrites frequently 10 feet and 
more across, also occur, and these occasionally carry subsidiary 
veinlets of galena. 

V.-ECONOMIC QEOLOCY. 

Amber. 

As already described the amber mines are situated in blue 
clay, which apparently corresponds to the 
uppermost part of the lower Kirthar in age. The 

usual method of working is to sink a shaft into the clays to a depth 
seldom exceeding forty feet, and then to run lateral galleries in any 
direction from the bottom of this shaft. The finding of amber is 
entirely a matter of chance. In some cases numerous finds are 
made, while in other cases the season’s work yields practically 
nothing. I have nothing to add to Dr. Noethng’s description of 
the pits or method of working. 

Jadeite is found west of Kamaing and the mines and geology 

jadeite hskYe been described by Dr. 
Bleeck Jadeite also is reported from tie ser¬ 

pentine intrusions of the Gedu river in the Naga hills, but no work 
seems to be done there. 

The galena deposits of north-eastern Putao have already formed 
Galena subject of a special report. There remains 

only the galena deposits of the Shweli- 
’Nmai Hka divide near the Lagwi pass. Numerous adits have been 
driven into the hiU on both sides of the divide by the local people and 
galena obtained. They seldom obtain massive ore, but find the 
mineral disseminated through the country rock. They crush the ore by 
pounding it on wooden planks and wash the powdered product to obtain 
the galena. Its silver content is low, varying generally between 6 
and 10 ounces per ton of ore. There is no evidence of any large 
replacement orebody, and since the mines are situated about 11,000 
feet above sea-level in one of the most inaccessible parts of the 
range, and are only workable during the rains, being either under 
snow or having all the springs frozen solid for the remainder of the 
year, they have no present commercial value. 

Associated with the galena on the Shweli-’Nmai Hka divide are 
veins of iron pyrites containing a small percentage 
of copper pyrites. Although some, of these 

Cupriferous Pyrites. 
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veins of pyrites are more than 10 feet wide, the locality is so far 
away from civilisation and access to it is so difficult, that the 
occurrence has no present commercial value. 

Iron occurs as schistose haematite at the bottom of the Hpyepat 
valley on the eastern bank of the stream, but 
the quantity of it is too small to be of any 
economic interest. 

EXPLANATION OF PLATE. 

—Geological map illustrating traverses from Assam to Mwtkyina; Myitkjdna 
to I^tao; Myitkyina to tke Oluneso frontier: scale miles. 
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LOCAUTY INDEX. 

Locality. Latitude Longitude* 

Ambei mines 20® 15' UO® 25' 

Cliip^viHka . 25® 55' 90® b' 

Chueh-ho 25® 50' 96° 35' 

Dablu wang. 27° 50' 07° 50' 

rehing, Upper 27° 30' 9(»® 25' 

Digboi 27® 17' 95® 32 

Fenshnilmg pass 25® 40' 98® 30' 

Forfi Hertz . 27® 21' 97® 2^' 

Fort Hpimaw 26° 0 98° 3(i' 

Fort Htawgaw 25® 60' 98® 20' 

tledu river , 20° 55' 30® 19' 

Hertz, Fort . 27° 21' 97® 22 

Hpj epit valloy i 25° 66 9b® III 

Htawgaw , * 25° 60' 1 9b® 20' 

Hpimaw • 20^ 0' 98“ 30' 

Jade mines . 25® 42' 90" U' 

ilamain" 
V 

25® 31' 
20® 0' 

90“ J3' 

Komun range • i to i 97“ IJ' 

Lagunpass • • • 
1 27® 0' 

25® 49' ^ 9b“ 31' 

Lalaxmg m m • 20® 13' 90" 20' 

Langyang . • p P 26® 60' 9b“ 10' 

Ledo . M 4 27® 10' 95® ^6' 

Maingkwan . • p 4 20® W 96® 31' 1 S
 1 • • # • ■! 25® lb' 96®. :o' 

« 
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Lolc» lity. Latjilud(. Lonaitiudi*. 

■ 07® 23' 

JSajii Hong - • • 27“ 17' 00" 10' 

Kamchik • - 27® 2:}' 90° 0' 

Namplink - • 27® 24' 9(i® 10' 

Nam Tamai . - - 27° 50' 97° 48' 

Nam Yuag (Namyung river) V 20® my 
20® 0' 

96® 15' 

Ngawohang flka { to 
20° 20' 

y 98° 13' 

Nsop Flka , V 25° 61' 
27° 10' 

97'' 25)' 
90® 0' 

i?atkai range { to 
27° 20' 

to 
96" 40' 

l*idaung plain • 25® 27' 97® 15' 

Pungin Hka 25® 40' 97® 27' 

ib)a«kap • 25° ao' 97® 25' 

Seueku • 23° 35' 97® 47' 

fcJiraw 20° 37' 90® 23' 

Hoiig&an 27° 3' 97® 4' 

Ta-ap river . 20° 07' 90® 10' 

Wainginaw • • a 20° 10' 97® 5' 

W’miav: ilka • • ?'1° <!' j 9b® r 
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Oligocene Echinoidea collected by Rao Baha¬ 
dur S. Sethu Rama Rau in Burma. By the late 
E. Vredenburg, B.Sc., A.R.S.M.., A.R.C.S., Superin¬ 

tendent, Geological Survey of India. (With Plate 50.) 

Rao Bahadur S. Sethu Rama Rau’s detailed survey of the Singu 
auticlinal area (Rec. Oeol. Surv. Ind., Vol LIII, pp. 321- 

330) has sho\m that while the bulk of the fossiliferous beds which 
have been sdected as the type of the “ Singu Stage ” are newer than 
the main fossiliferous horizons of Minbu and Yenangyat (RoetUng’s 
“ so-called ” zones of “ Oamedlwria Martvnia'm ” and “ Pctraoifaihus 
coeruleus ” which are now referred to the Sitsayan or Padaung stage), 
yet along the region of the crest of the anticline, the oldest fossih- 
ferouB beds exposed share the character of the typical Minbu fauna 
and may be regarded as representing the uppermost horizon of the 
Sitsayan or Padaung stage. Amongst the characteristic fossils of 
these oldest beds of the Singu region is a smaU echinoid bdonging to 
the genus ThyhcTmm which occurs plentifully in a layer situated 
about 20 feet above the bed “D” of Mr. Sethu Rama Rau’s survey. 

On a previous occasion, 1 have already noticed that, in Mr. 
Sethu Rama Rau’s surveys of the northern part of Thayetmyo 
district, the richly fossiliferous Kama clay is separated by a thick¬ 
ness of strata of several thousand feet from the uppermost 
layers of the Sitsayan shales, which outcrop along an anticlinal 
region occupying both banks of the Irrawaddy not far from Thayot- 
myo (Rec. Qeol. Sure. Ind,., Vol. LI, p. 234), where they have yielded 
a Dendrophydda and a Nvesda characterising the oldest Singu beds, 
together with a few gastropods, some of which are particularly 
characteristic of the Sitsayan or Padaung stage. It is gratifying to 
find that the Singu Thyhclimus also occurs in these oldest exposed 
beds of northern Thayetmyo, still further confirming the proposed 
synchronism. 

In northern Thayetmyo, the ThylecJdnus is accompanied by 
two more echinoidea, a Brissopsis (erroneously referred to as ScM- 
zoster in Rec. Geol. Surv. Ind., VoL LI, loo. dt.) and a Breynia. As 
all these forms are easy to recognise and may constitute good zone 
fosfflls, I have thought that it would be useful to iUustrate theni with 
diagnoses. 
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BbEYNIA BIEMANICA, EL. &p. 

PI. 30, Fig. 1. 

Medium size, heart-shaped, apex central or even slightly pos¬ 
terior. 

Poriferous zones sunken in petals of paired ambulacra, 13 pairs 
of normal pores in anterior zones of anterior petals: 21 in posterior 
zones, of which the first 2 or 3 are rudimentary. In outer zone of 
posterior petals, 18 normal pairs and probably 2 rudimentary; 8 
or 9 normal in posterior zones. 

All the ambulacra entering the peristome. 
Labrum completely separated from sternum by a very wide 

interval. 
Tubercles crenulate and strongly perforate. Number of differ¬ 

entiated primary tubercles in paired interambulacra or abactinal 
surface very variable: 8 to 13 anteriorly, 16 to 23 posteriorly. 

3 rows of granules in internal fasciole, 4 in peripetalous, as many 
as 8 in subanal. 

This form shares with the other Indian fossil species the remark¬ 
able peculiarity of the complete separation between the labrum and 
sternum constituting them into a group different from all other 
known species of Breynia, The interval, in the present instance, is 
even greater than in the two previously known Indian species 
Bre^ia ca/rinata and Breynia ^mllituhercuhta, from both of which 
the Burmese species is moreover readily distinguished by the central 
or even posterior situation of the apex, und tho much less regularly 
disposed primary tuberculation of the abactinal surface. 

The specimens were collected by Rao Bahadur S. Sethu Rama 
Rau in the northern part of the Thayotniyo district in a bed consi¬ 
dered to belong to the up])er part of tlie Sitsayan or Padaung stage 
of Middle Oligoceno age, at the following spots: J mile E. by S. 
of Shadaing (19® 36^ 95® 12'); j mile S. B, of Kanhla, S. of A 276 
(19® 33', 95® 13'); IJ miles W, S. W. of Tubak (19® 44', 95® W). 

Brissopsis Fermori, n. sp. 

PI. 30, Fig. 2. 

This species exhibits the closest relationship to Bris^sis 
Imonica Gray, the common form living at the present day along all 
the coasts of the Bay of Bengal. It evidently repre-ients an ances- 
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tral predecessor. The relative dimensions, the shape, the characters 
and shape of the petals, the numbers of pores either normal or 
atrophied, the characters o£ the fascicles, apical disc, and peris¬ 
tome, are aU practically identical. 

Under the circumstances, for the sake of brevity, a short diiler- 
ential diagnosis will suj0S.ce for the present. 

The only distinguishing features are:— 

Firstly, the position of the apex which is more posterior in 
the fossil. 

Secondly, the position of the peristome which is, on the con¬ 
trary, more anterior. 

Thirdly, the relatively narrower dimensions ol the anterior 
extremity of the test measured across the protuberances 
of the anterior interradia. 

These differences are constant in the specimens examined, but 
none of them are conspicuous. There is less difference between 
Brissopsis Fermori and Brissopsis luzomca than between any two 
of the living species, though some of these are closely interrelated. 

‘Ihis fossil occurs at the same localities as Breynia hmmnica. 

THyLBOHiNUS Sethuhamae, n. sp. 

PL 30, Fig. 3. 

Small, hemispherical, elevated; peristome a little more and 
apical disc a little less than one-third the diameter; 11 to 12 tuber¬ 
cles in each ambulacral zone; 11 to 12 tubercles in each inter-radial 
zone; granulation abundant and varied; the extremity of ocular I 
reaching the apical ring. 

At the same geological horizon as the beds yielding the Burmo'^e 
species, the OHgocene Nari of Baluchistan contains a form which 
is only distinguished by its much larger dimensions from Thyle- 
chims Seffiuramae of which it might be regarded as an enlarged 
variety. 

Tkylechinus Sethuramae belongs to the typical group of the 
genus with intertubercular granulation abundant and two rows 
of principal tubercles in each inter-radium. Other species of the 
group are T, Sadd Peron and Gauthier, a much larger species from 
the Maestrichtian of Algeria; T. londi P. and G., a small, subconical 
species with relatively large peristome from the Campanian and 
Maestrichtian of Algiers and Tunis; T, lybicus Fourtau, a small 
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depressed species, from the Ujiper Eocene oC the Lybian desert. T. 
Iwncfamis (Gauthier constitutes the section Orihechinus with inter- 
tuhercnlar j»raniilation relatively sparse, and four rows of prindpal 
tubercles in each intor-radium. It is from the Middle Eocene of 
south Tunis. 

The presence of ThyJechinus in the Middle Oligocene of Baluchis¬ 
tan and Burma extends the longevity of the genus to a later period 
than was known hitherto. 

TJiylechims Seihuramae was first obtained by Eao Bahadur S. 
Sethu Bama Raxi frojn the shale bed marked “ A ” in the Singu area 
about 20 feet higher than the bed “ D.” All these beds bdong to the 
oldest portion of the strata exposed at Singu. 

Tlie species was also obtained at the Shadaing locality of Tha- 
yetniyo district. 

EXPLANATION OF PLATE. 

PL4Te30.—^Fjg. 1,—Breyvia birmankay ep., Shadaiii<>. Katural size. 
45 iJ.—jPcmwMi. sp.. Shadabo;. Enlarged \ 
„ Fia. Z.-^-’ThylecJihms Sethuramaen n. sp., bed A, Sinc»ii; a, abacliaa] view; 

b, octanTil view • o, left sida Enlarged 
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The Mineral Resources of the Kolhapur State^ 

By H. Cecil Jones, A.R.S.M., A.R.CS., F.G.S., 
SiLperintendent, Geological Survey of India. (With 
Plate 31.) 

INTRODUCTION. 

Kolhapur is the largest and most important of the Indian 
States of the South Mahratta Country, and is situated 

to the south of the Bombay Presidency. The State lies between 
latitudes 15® 50' and 17® 11', and between longitudes 73® 43' and 
74® 44'. It has a number of large Talukas and Jahaghs under its 
administration, and these will no doubt complicate the working 
of ore deposits in the area. The State is very badly oft in the 
matter of roads, which makes communication and transport difficult* 
Kolhapur City is connected, by the Kolhapur State Railway 
with the Madras and South Mabratta Railway at Miraj, a distance 
of 35 miles. 

The investigation of the occurrence of bauxite, being one of the 
main objects of my visit, I went over practically tho whole of its 
area, during the time (May and June) that I was in the State, 
and have examined most of the localities where bauxite is likely 
to occur. Owing to the Rains and the impassability of some of 
the roads I was unable to visit the northern part of the Vishalgad 
State, or the north-west portion of the Bawda State. 

R. Bruce Foote in his memoir The Geological Features of tho 
South Mahratta Country and adjacent Districts’’^ 

Previous observers. j^^ribes some of the rocks of certain parts 

of the Kolhapur State, but refers mainly to the inliers of Kaladui 
rocks. 

H. J. Eunson was employed by the State for two years 1889-1891 
in making a geological survey and report of the State. A report 
and a series of geological maps on the scale of one inch to four miles 
wnich he produced, was published by the State in 1892. This 

» Mtm,^ aeol iSufv, In*, Vol. XII. Pt. 1. 
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report, whidi is ratlu'r an optiuiistic oiu*, gives si general dosorip- 
tion of the geology ol the area, iind of the ])rinci])al ininersil oceur- 
renccs ol eoononric value. No loference is made to bauxite, however, 
in the report, as it was made some years before th(‘ attention of 
the public was dra>vu by the (leological Survey of India to the 
aluminous ohaiacter of some ol the laterites of [ndia. Eunson 
deposited in the State museum a collection of the rooks and 
minerals he collected, but thesi* cannot bo found at the present 
time. 

0. S. Fox of the (leological Survey of India visited in 1920 
three areas in the State where bauxite was likely to occur, and 
in his paper on “ The Bauxite Eesources ol India refers briefly 
to the bauxite at Panhala and near Badhanagri in the Kolhapur 
State. Also in his memoir on “ The Bauxite Occurrences in India ” * 
he gives particulars of the bauxite ocemrenoes at Panhala Fort, 
Badhanagri (Valivda) and at Gaola-ka-Scrai in tlie Kolhapur State; 
ho also refers to several possible localities lor bauxite, and to sites 
for water power schemes. 

Tlie western boundary of the State runs for a largo part of its 
distance along the Western Ghats, so that 

Topography and the western part of the area is very hilly 
** ’ and rugged. Most of the area is covered by 

Deccan trap, which in the higher hills is capped by laterite. This 
laterite on weathering often gives rise to level plateaux witli almost 
perpendicular cliffs falling away from it; occurring at the tops 
of the higher hills this gives them a bold and rugged appearance. 
In a few places in the lower ground the Deccan trap has boem 
denuded away and the older Kuliwlgi rocks have boon ex|)0si‘d. 
The eastern part ol the State is fairly level. Tlie drainage of 
the area is mainly to the oast, and away from the edge of the 
Ghats. 

The oldest rocks seen in the State aro gneisses and schists, 
possibly of Dharwar age. These occur as 
two small exposures within three miles of 

each other at Nesari (7d® 22': ](>" 03') and lladlag (Hadalgo) (74® 
24'; 16® 02') in the Qaj-ITinglaj Taluka. The first of these, seen 
in the v^ey just to tho west of Nesari, is a soft purple micaceous 

Geology. 
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schist (32/126), but just to the south of the village are small granitic 
bands consisting of quartz and. felspar with an occasional quartz 
vein. The second exposure is in the valley to the south of Hadlag, 
two miles south-east of Nesari. Here the rock is much more granitic 
and. consists of granitic rock with bands of soft mica schist and hard 
quartz-mica schist. The granitic rock (32/125) is made up of 
coarse white to colourless quartz and pink felspar. 

Next above these comes a group of conglomerates, sandstones, 
quartzites, limestones and shales belonging to the Kaladgi Series, 
which in the main part of the State is largely covered with Deccan 
trap, but exposures are seen at the foot of the Ghats in Bawda 
State, and a large area consisting mainly of limestones occurs in 
the Torgal State. Several inliers consisting mainly of sandstones 
and shales occur in the valleys of the Vedganga and Dudhganga 
rivers, and also in the Ghutraprabha and Hiranyakeshi river 
valleys in the Ajra Taluka. At Nosari, Kaladgi sandstones overlie 
the gneissic rocks. 

The Deccan trap, which is much younger than the rocks men¬ 
tioned above, covers a very large part of the Kolhapur State. It 
consists of a great thickness of nearly horizontal beds of basalt, 
amygdaloidal basalt, ash and bole beds, and is not likely to 
contain any minerals of economic value, except where pro¬ 
longed weathering of the rock under favourable conditions, has 
resulted in the formation of laterite and aluminous laterite or 
bauxite. 

Some small exposures of Lameta beds, mainly unconsolidated 
calcareous conglomerates, are said by Bunson to occur beneath the 
trap at one or two localities, but I did not find an opportunity to 
examine any of them. 

At the tops of the higher hills and ranges of hills, there results 
from the continued alteration and weathering of the Deccan trap, 
a deposit known as high level laterite. It often forms flat or slightly 
undulatmg plateaux, usually at heights of over 2,900 feet on which 
very little vegetation occurs. These plateaux often have nearly 
vertical clifis 20 to 100 feet in depth, caused by the falling away 
of large blocks of laterite, owing to the weathering of the softer 
material below. These laterite scarps often contain yaluab'e 
deposits of bauxite. Frequently between the true laterite and the 
trap there is a band of more or less altered trap having the composi¬ 
tion of kaolin or lithoraarge. 
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Alluvium occurs in most of the river valleys, and covers large 
areas to the east of Kolhapur Oity, ■which are all under cultivation. 
It is important because of the large quantities oi Jcanhtr found in 
it. This Jcankar was largely burnt at Pal (16° 18'; 74° 13') and 
other places for lime for the building of the new dam near 
Padhanagri. 

The geological history of the area is fairly simple. The Kaladgi 
rocks were laid down on a denuded sur&ce of the gneissic and 
Dharwar rocks. After being raised above the sea, they remained 
exposed to denudation for a long period, during which Gondwana 
rocks were deposited in certain parts of India. Then the volcanic 
outbursts occurred which resulted in such a large area of the centre 
and western aide of India being covered with the Deccan trap. 
Tliis has gradually been altered, denuded away and cut up by 
rivei'S and streams, forming the valleys and hill ranges seen at the 
present tiine. 

11. -MINERAL DEPOSITS. 

Bauxite. 
'This is the chief mineral of economic value in the State, and 

fairly large quantities of it occur. Bauxite is the principal ore of 
aluminium, and is the source of almost the whole of the world’s 
supply of tliat metal. Bauxite -varies considerably in cora- 
|>osition, but contains from say 50 to 75 per cent, of Al^Oa, 1 to 
26 per cent, of FejOj,, and 10 to 30 pei' cent, of HaO, -with usually small 
qiuiutities of silica and titanium. Nearly all the bauxite produced 
in the world is ])nrifind to alumina and then reduced to aluminium, 
or uHod in tlu* manufacture of aluminitun salts and in the glass 
industry, but small quantities of bauxite are used for manufectur- 
ing artificial abrasives, refractory bricks, the filtration and 
‘decolourising of mineral oils, etc. The possibility of manufactur¬ 
ing alumina in India, and the other uses of bauxite have been 
considered by C. S. Fox.^ The price of bauxite at Marseilles is 
quoted in the Mining Journal (Oct, 1922) as 35 shillings per ton 
containing 60 to 70 per cent. AI2O3, so that the export of the 
raw ore would not be remunerative at the present moment. The 
following section taken from Fox’s paper gives an idea of the shape 

Maftloe. eit. 
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of one of these lateritc scarps, and also of the occurrence of bauxite 

in these scarps.— 

Hg-rrt. Piaflliti«ia.te~rite Pebblv<R'5d~3pj!— 
^ ...' " ■■■“■ ■ I' Yellow Sott 

bacdm^ia oo .exposu^e^to aii' 

SsiiSi!®*’--"-L,."^ F.„ 
^ - 0 10 20 30 40 50 

Unaltered Rock 

Fox in his memoir lias described the occurrence of the following 
three deposits in the State,—1. Panhala Fort, 

in^olhapiirstater^*^*^ Eadhanagri, 3. 6aola-ka-Serai. In addition to 
these I have examined deposits near the following 

places, L Bhangawadi, 6. Rangawadi, 6. Gargotti, 7, Wald, 8. Nesari, 
9. Bhudargad Fort. 

1, Panhala Fort (16° 49': 74'' 09'). A small deposit of excellent 
quality bauxite occurs below the Bagh Darwaza of the Panhala 
Fort, 12 miles north-west of Kolhapur City. The bauxite (32/ 
142) is seen in contact with kaolin, which passes down into kaolinised 
trap. Fox gives the following analyses:— 

SiOj 
TiO, 
AlaOs . 
I’e^Oa 
CaO 

HjO 
Miscellanoor 

1 Bauxite aaolyBis,, by R. V. Brigs^s, Calcutta. 
2 „ „ Geological Survey Laboratory. 
3 Raoliu ,, „ 
ds ** 99 99 . ,, 
5 Kaolinised trap „ „ 
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Fox states “ TMs bauxite is perhaps the purest material of i 
kind in India but unfortunately the quantities are very smal 
The kaolin is good and could be largdy used. Pottery works coul 
be established at Panhala or at Kolhapur, and small quantity 
of the bauxite could be utilized for the manufacture of alun 
alumina or other substances which require a very high grade bauxit< 
It must be remembered by the State authorities that any activit 
here must mean the destruction of the Bagh darwaza gateway an 
the garden bdow 

The hiUs to the west of Panhala contain aluminous materis 
(32/143), but are not rich enough in aluminium to be considerec 
at the present time. The following two analyses by E. V. Briggs 
Calcutta, are of samples collected from the hills about four mile 
west of Panhala,— 

— 
1 

1 2 

SiO 3-26 11-62 

so-es 19-63 

£*0202 •••••••• 22*13 40*64 

TiOj ••«•»••• 10-80 12-00 

OsbO *•••••■•• trace trace 

• • • • • • * • trace trace 

Loss on ignition. 24-84 16-21 

2, Eadhanagri (Valivda) (16° 26': 74° 02'). North of Eadhanagti 
on the main road from Kolhapur City to the Phonda Ghat and 24 
miles south-west of Kolhapur City as the crow flies, is a good 
deposit of bauxite (32,135, 32/136). Fox states " 'Ehe elongated 
plateau (spur ‘ 3,244 ’ feet) north-west of Valivda is capped with 
highly aluminous latmte. An average sample collected from various 
parts of this peneplain has the following analysis:—SiO^ 3’44, 
Ti02 7'00, AlaOj 69'35, FegOj 4‘25, CaO trace, MgO 0’64, HjjO 
25'00, Alkalies 0’32. (E. V. Bri^, Calcutta.) The whole of the 
plateau at this eastern end is, to a depth of about 12 feet, 
composed of aluminous laterite of a quality not much inferior 
to that shown in the analysis. There is, on the high ground 
in the middle, a slight thickness (10 inches or so) of a ferruginous 
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laterite and some yellow clay soil. Masses and bouldeis of bauxite 
ocGTur on the soutbein slopes of the ridge above Padli village. Further 
west on the next plateau (about north of Karanja), the quality is 
distinctly poorer and the laterite is more ferruginous. In the 
extreme west, north of Olvan. about peaks ‘ 3,250 ’ feet, and 
* 3,308 * feet, the capping is a ferruginous laterite. It is difficult 
to determine the quantity of the bauxite or aluminous laterite 
which occurs on the spur north-west of Radhanagri, but it is of 
the order of 2,000,000 tons. Thm*e is also a large, unknown quantity 
of richer bauxite scattered as debris on the southern slopes of the 
hill and in the valley below.^' 

To the north-west of survey level 3308 * however*, the laterite 
(32/144) becomes decided!}’’ aluminous and some of it is quite good 
bauxite, but most of it seems feiTUginous. An analysis of a sample 
collected by me shows :—SiOo 0*89, AI2O3 54*44, Fe20311*86, Ti02 3*15, 
CaO trace, MgO trace. Loss on ignition 29*68. (R. V. Briggs, Calcutta.) 

Between th enorthern slopes of level ** 3308 and the ridge ‘‘ 3813,” 
there are large quantities of aluminous laterite, but the low part 
of the ridge is concealed. 

The high plateau ** 3313 consists of a few feet of ferruginous 
material covering aluminous laterite and bauxite. Most of the 
latter (32/145) is rather ferruginous but patches and boulders of 
extremely good grey bauxite occur. There must be several million 
tons of this ferruginous ore present, but much prospecting is 
necessax}" to get any idea of c^uantity and quality. The area is 
covered with thick forest in which there are practically no paths, 
and it is extremely difficult to reach it. An analysis of a sample 
obtained from here shows:—SiOg 0*87, AI2O3 51*66, FeoO^ 11*69, 
TiOo 6*30, CaO trace, MgO trace, Loss on ignition 29*48. (R. V. 
Briggs, Calcutta.) 

Fox in his memoir states ‘‘ The ridge to the south oftheBhogavati 
river is also disappointing but the western portion of this area must 
not be taken as fully examined.’" The extreme western end of this 
hill contains some good quality grey bauxite (32/146) but most 
of the material is ferruginous, and there does not seem any large 
quantity of good ore. The plateau at elevation “ 3335 ’’ to “ 3319 ” 
feet is of aluminous laterite of poor quality (32/136, 32/136), and 
the remainder of the ridge to the east is disappointing. 

3, GraoIa-ta-Sera (10® 00': 74® 08'). This deposit is situated 
near the tri-junction of Kolhapur State with Savantwadi State 
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and the Belgaum District, but most of tbe bauxite lies in tbe Ajra 
Taluka of tbe Inchalkaranji Taluka. It lies 10 miles to the south¬ 
west of Ajra as the crow flies. This deposit is now being 
prospected by an Indian Company who state that, from the results 
obtained from 32 pits and trenches put down, they have proved 
a workable thickness of 40 feet of ore, of which four to ten feet 
appear to be of first grade, i.e., containing above 55 per cent, of Al^Og, 
and thirty feet or so of second grade, i.e., from 45 to 55 per cent. 
AlgOg, but prospecting is still going on. Fox gives the following 
analyses:— 

SiO, . , l-i.) 2*28 4*12 2*94 0*50 1*84 1*16 

TK), . 1-00 1*00 5*00 2*70 2*30 3*60 1*54 

Al.O,, . (U-I4 50*27 17*08 51*22 62-!)4 52 *86 32*94 

Fo.Oj . 22*21 20*02 17*06 4*06 10'44 13*72 

CaC) . ... ... ... 0*40 0*36 ... 4*96 

MuO . 0-25 0*34 0*43 ... 0*13 0*25 0*18 

if/) . • i ^S*00 23*12 2l*J0 24*00 20*10 24*80 i 24*85 

Loss 0*10 0*18 
1 

0*75 0*42 0*07 0*21 ♦ 0*65 

4. Dhangarvadi (16” 66': 73” 53'). The best deposit found 
by me occins in the hilJ nuir Dhangarvadi, five miles west of Malka- 
pur in the Feudaltory State of Vishalgad. It i^ situated some 26 miles 
to the south-west of K<)lliti])ur, in a straight line, i'rnetically thu whole 
of tlie (‘astern half oJ the xflutean lorming the toj) ol this hill consists 
of good (quality, mainly wliito to greyish-white bauxite. In places 
it is somewhat feiTUginous, but from surface indications it appears 
to be mostly first class ore. In cliffs at the northern edge of the 
plateau, it appears to bo quite forty feet thick, but thins in jflaces 
towards the east, and just west of Dhangarvadi village there is 
only about ten feet of bauxite overlying variegated clays or lltho- 
marge. Some of the top of the scarp has been cultivated, but 
all round the edge of the cultivated groimd, good bauxite is seen. 
Without prospecting pits it is difiScult to estimate quantities, but 
there aie probably some eight to ten million tons of good ore present. 
The bauxite (32/149) is well seen in the stream valley mnning south¬ 
east to the north-west of the village of Dhangarvadi, and also 
near the tank just east of level 3336 ” (32/160). The northern slopes 
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of the hill, especially above Dhangarvadi village are largely covered 
vrith blocks and boulders of the same type of rich ore. The southern 
side of the hill does not appear to be so rich as the northern side, 
but to the west of the tank there is a vertical cliff which shows good 
bauidte at the top, but which I could not examine lower down. 
A thin layer of limonitic material occasionally covers the bauxite, 
but this can be easily removed. Ailalyses of two samples collected 
from this plateau. No. 1 carried out by Mr. Briggs. Calcutta, and 
No. 2 done in the Geological Survey Laboratory, gave the 
results (1 and 2) shown below and seem to be much more what 
one would expect. 

— 1 2 

SiOa * • 1*24 0*17 

Al^Oj • • • # • 39*60 64-63 

• • 3*60 834 

■no, . . . • ♦ 4*66 7*60 

CaO trace 0*94 

MgO • •. , trace MO 

Loss on ignition 29-01 28*96 

6. Rangewadi (16° 61': 73° 58'). Another good deposit, but 
smaller than the one near Dhangarvadi, occurs in the hills south 
of Rangewadi. It is situated some 22 miles in a straight line 
from Kolhapur, in an approximately north-western direction. The 
bauxite (32/151, 32/162) is of a grey, white or yellowish colour, 
and often has apisolitic character. The deposit appears to contain 
something like four to five million tons of good quality ore. An 
analysis by R, V. Briggs, Calcutta, of a sample collected by me 
from this plateau gave 
SiOj.1-08 
AlaO, 
ire>Oj 
Ti6. 
CaO* 
:M:go 
XjOss on Ignition 

This grey and yellowish bauxite runs from the narrow ridge 
one-and-a-hdf miles west-south-west of Ambawadi, along the plateau 

03-02 
6-64 

30-25 
traoo 
trace 
29*01 
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for at least a mile to the west, where the ore begins to get poorer 
in quality. Prom the narrow ridge west-south-west ot Ambawadi 
(16° 51': 73° 59') stretching to the hills south of that village 
is an aluminous laterite with irregular patches of good bauxite* 
Prospecting pits will have to be put down to decide if this be worth 
working, 

6. Gargotti (16° 20': 74° 12'). A small deposit of rich grey 
bauxite occurs in the range of hills to the north-west of Gargotti. The 
bauxite (32/153) occurs in the two little hillocks on the top of the 
range between level ‘‘ 3190 ’’ and Dhangarvadi (16° 22': 74° 07'), and 
probably contains something like 750,000 tons of good ore. The 
western side of the two hillocks and the ground towards Dhangarvadi 
becomes too ferruginous to be of economic value. An analysis 
by R. V. Briggs, Calcutta, of a sample collected by me is as follows: 

SiO, • . 0*48 
AIjOq , • , 67*22 
Fo^Oj^ • . 6*78 
TiO^ • , 8-40 
CaO , • . traoo 
MgO • . traoo 
lioss on Ignition * . 28*16 

100*03 

7. Hills south-west of WaH (Taki) and approximately 21 miles 
west of Nesari measured on the map (16° 17': 7^° 03'). This 
group of hills is very disappointing. At level 3338 ” and on the slopes 
of plateau “ 3372 ” south-west of Wald is aluminous laterite (32/154) 
but the quantity is small and most of it is too ferruginous to be 
of much economic value. At level3321 south of Wald is some 
ferruginous bauxite (32/165) but the quality does not seem good 
and the quantity is small, 

8. Hills west of Nesari (16° 03': 74° 22'). This range of h}]ls 
running along the Bolgaum-Kolhapur State boundary six miles 
west of Nesari, consists of Deccan trap with a capping of laterite 
which is often pisolitio and aluminous, and contains patches of 
good grey bauxite. The centre of plateau ‘‘3200” contains good 
bauxite (32/140) but the small plateau half a mile to the west is 
more ferruginous. The big plateau about a mile to the west of 
level “ 3200 ” is more ferruginous, but still contains aluminous material 
(32/167). These hills should be thoroughly prospected by prospect 
ing pits. 

G 
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9. Bhudargad Fort (16° 15': 74° 11'). The range of hills 
mnning south and south-west of Bhudargad Fort to the edge of 
the Ghats is disappointing, until almost the extreme south-west 
point near Kitauda (16° 04': 74° 05') is reached. Here a certain 
amount of aluminous material occurs, mostly of a reddish variety 
(32/168). Although from surface indications it does not look 
particularly promising, it is worth a little prospecting, and I under¬ 
stand a prospecting license has been applied for. 

Building Materials. 
The State is well ofE as regards building stone, the best of 

which is obtained from some of the beds of the Ealadgi Series, 
and also from some of the beds of the Deccan trap. 

The quartzites and sandstones of the Ealadgi Series have been 
worked at several localities, such as near Ajra (16° 06': 74° 16') 
and Gargotti (16° 19': 74° 10') in the main part of Eolhapur State, 
and also at Bijikupi (16° 06': 75° 14') and other localities in the 
separated Torgal State. The rock (32/137) gives a fair building 
stone, but much of it breaks with a conchoidal fracture, which 
makes dressing difficult. Some of the beds are also used for making 
grinding stones. The siliceous limestones (32/130, 32/132, 32/133) 
of this series in the Torgal State have also been largely used locally 
for building ^purposes. Large slabs of excellent material can be 
obtained from these beds, and it is very largely quarried near 
Sidnal (16° 01': 76° 12') and along the side of the main road running 
to the north-east. Some of the whiter beds of this limestone have 
been tried as lithographic stones, but it is said to be too soft for the 
purpose. Some of the shales, notably one which occurs at Salpevadi 
(16° 18'; 74° 10') to the south of Gargotti, in the Vedganga valley 
are white and are used as whitewash (32/138). 

Some of the harder varieties of the Deccan trap are extremely 
good, and the stone worked in the Jotiba hill quarries (16° 48' : 
74° 13') is well known. The bed worked is a fine-grained, extremely 
hard, compact, bluish-grey rock (32/138), which can be traced 
to the Panhala Fort hill and along the range for many miles to the 
west. There seems to be no systematic method of working these 
quarries; the quarrymen work the boulders and loose blocks, 
as the^ consider them less liable to split, after, and during the dress¬ 
ing of the rock. 

Laterite is abundant and has been largely used for the walls 
and buildings in some of the old forts. It forms an excellent road 
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metal, and has been used together with the bauxite that occurs 
with it at Eadhanagri, for making this part of the main road from 
Kolhapur City to the Phonda Ghat. 

Kankar occurs in large quantities in some of the alluvium, 
and also in the black cotton soil. There seems to be no special 
industry, but it is collected and burnt when required. It occurs 
in very large quantity in the Torgal State. 

Bricks are sometimes made from some of the alluvium. 

Copper. 
Eunson refers to traces of copper being found in an excavation 

in the trap in Kolhapur City, and also in a railway cutting llj 
miles from Kolhapur City. He states "" the mineral presented a 
thin film of native metallic copper changed in places to the black 
oxide.” It is extremely unlikely that any quantity of copper will 
be found in the trap area of the State. 

Gold. 
Eunson in his report on the State holds out the prospect of 

the possible occurrence of gold near Nesari (16° 03': 74° 22'). I 
examined the area and found the exposures of gneissic and schistose 
rocks extremely small. I washed the material from some of the 
small quartz veins which occur, and found no trace of the precious 
metal. I think there is very little prospect of finding gold at this 
locality. 

Gypsum. 
In the extreme south-west comer of the State to the north of 

the village of Tambiohiwadi (16° 06': 74° 65'), irregular-shaped 
nodules and veinlets of gypsum occur in a reddish clayey soil. In 
the past, quantities of tlds gypsum have been collected and made 
into Plaster of Paris. The exact locality is about two miles north 
of the village of Tambichiwadi, and is situated near the edge of 
the Ghats, and some 2,350 feet above sea level. The reddish day 
occurs in a small stream valley, the sides of which are formed of 
Deccan trap, and has apparently resulted from the weatheri^ oi 
that trap. The clay deposit appears to be quite thin, and the 
gypsum occurs scattered irregularly through it. The gypsum 
(L. 856) is fibrous and has the appearance of having formed small 

veins, possibly in thin irregular cracks in the clay. Eunson, who 
a 2 
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put down some trial pits, states tliat the gypsum occurs in the lower 
part of the clay deposit as thin veins up to 1| inches in thickness 
and also that very little of the mineral was obtained from 
these pits. The area covered by the red clay is small, and that 
from which I was able to collect gypsum was only 60 to 70 feet by 
about 30 feet. There seems to be no prospect of getting any large 
quantity of gypsum from this deposit, and as the price of gypsum 
is only about one rupee a ton in India, the cost of transport alone, 
would make it an impossible proposition from an economic point 
of view. 

Iron. 

Iron ore of fair quality occurs in small quantities at various 
localities in the State, and was largely used in the old days when 
the quantity of ore required at each smelting locality during the 
year, was only a matter of a few tons. The deposits are quite 
useless for modem methods, where a present day blast furnace 
may use 500 or more tons of ore a day. 

The ore (L. 859) in the State was mainly obtained from patches 
in the laterite which have been locally enriched by percolating 
solutions depositing limonite or haematite in veins and stringers. 
Sometimes the rich iron ore nodules found in the weathered material 
which accumulates at the foot of the laterite cliffs were used by 
the old iron smelters. Eunson states that Sonurla (16® 48': 73° 69') 
is the area where the ore is richest and where the largest quantity 
occurs, and estimates that there ore 25,000 tons of icon ore there; 
he remarks, however, that not all of this would be suitable for smelting. 
Analyses given by Eunson of poor and good varieties of the ore 
show 30 and 43-28 per cent, iron, respectively. The ore (L. 857) 
which I found to occur in a stream valley north-east of Dhondawadi, 
two miles north-west of Sonurla, is laterite which has been locally 
enriched, partly to hsematite and limonite. The better parts would 
probably average about 40 per cent, iron, but specimens from the 
small veins and local enrichments might contain nearly 60 per cent. 
I examined these local enrichments at several places includ¬ 
ing Sonurla; Jotiba Hill (16° 48': 74° 13'); the Tin Darwaza 
at Panhala Fort (16° 49': 74° 08'); a locality south of Eadhanagri (16° 
25': 74° 02'); etc., but it is unnecessary to give further details of them 
as they are all small and quite useless from the present day economic 
standpoint. 
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Kaolin. 
1. Panliala Fort (16° 49'; 74° 09'). Tliis has already been 

referred to under bauxite (p. 420). The material (L. 858) is greyish- 
white containing specks of yellowish matter. These specks would 
possibly discolour any porcelain made from it. The kaolin passes 
downwards into variegated lithomarges (L. 860), of which large 
quantities occur all round the fort hill, and this could undoubtedly 
be used for making pottery. Fox in his memoir on the bauxite 
deposits of India states “ The kaolin is good and could be largely 
used. Pottery works could be estabUshed at Panhala or Kolhapur.” 

2. Gudalkop (16° 07': 74° 30'). The top of hill “ 2988 ” to the 
south of Gudalkop in the Gaj-Hinglaj Taluka consists of laterite, 
some of which is pisolitio and aluminous (32/169). Between this 
and the underlying Deccan trap is a thin band of white pisolitio 
kaolin (32/160). An analysis of this kaolin made in the Geological 
Survey of India laboratory shows:—SiOg 40'79, AljOs 44*97, 
Moisture 1*49. 

The hills to the north-west and west-north-west of Gudalkop 
are similar, consisting of Deccan trap overlain by pisolitio aluminous 
laterite (32/162) with a thin layer of white pisolitio kaolin (32/161) 
between the two. There seems to be a fair quantity of this kaolin, 
—^the band in places being ten to twelve feet thick. Without 
prospecting pits it is impossible to get any reliable idea of the 
quantity present. A sample of this kaolin collected by me and 
analysed in the Geological Survey of India laboratory gave^ 
SiOg 40*20, AlgOg 45*62, Moistime 1*38. 

3. Bhudargad Fort (16° 15': 74° 11'). The old fort at Bhudargad 
is built on a plateau of ferruginous laberite, but just bdow the main 
west entrance (the Shivapur Poth dooi-way), are two pits or caves 
about twenty feet deep in a kaolinised trap. The kaolin is fairly 
white, but still contains some incompletely altered trap which in 
pai-ts gives it a puride tinge (32/103). 

Manganese. 
Bunson mentions the occurrence of manganese near Bijikupi 

(16° 06': 76° 14') in the Torgal State. I visited this place, which 
is about one mile north-east of the village, and found small veinlets 
and films of manganese oxide (32/131) in a rather broken up and 
disturbed siliceous limestone (32/130). It seems to be of no economic 
value. 
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Saltpetre. 
A certain amount of saltpetre was collected and partially refined 

near Chinelilee (16° 34': 74° 51'), Eaibagli (16° 29': 74° 49') and 
otter places, but tte industry was stopped some years ago. The 
occurrence is the usual one, resulting from a village soil being well 
charged with wood ash, cow dung, etc,, from which the potash 
salts are brought to the surface in solution by capillary action, 
and remain as an efflorescence on evaporation of the water. The 
efflorescence is collected from the surface soil, the salts dissolved, 
crystallised out and then sold for farther refinement. It seems 
to have been quite a small local industry, and there is little prospect 
of its ever attaining big proportions. 

Slates. 
Eunson refers to slates occurring in the Torgal State, but states- 

that they are hardly true slates in the usual acceptation of the 
term. I examined the area and find that they are really shales 
that have been somewhat metamorphosed, but have very few 
of the characteristics of a slate. The roch (32/134) is a purplish- 
grey shale having no marked cleavage, but which splits along the 
bedding planes, giving slabs one inch or more in thickness. ITear 
Torangatti (16° 58' : ^75° 09'), Katkol (16° 69' : 76° K/), etc., iu 
is largely used in the form of dabs about ten feet by four feet and 
three inches thick, for flooring purposes, for which it is excellently 
suited. The thinner slabs of about one inch in thickness are occa¬ 
sionally used for roofing purposes, but are rather heavy for this 
work. The limestone also, is capable of being split into slabs a 
few inches thick, and is also largely quarried at Sidnal (16° 01': 
76° 12'), etc., in the form of slabs for flooring purposes. 

EXPLANATION OF PLATE. 
PLATE 31.—Map stiOTving the bauxite deposits of Kolhapur State: scale miloQ 
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Notes on the Kunghka and Manmaklang Iron ore 

Deposits, Northern Shan States, Burma. By 

E. L. G. Clegg. B. Sc. (Manch.), dissistant Superin- 
tmdmt, Geological Siiroey of India. 

THE KUNQHKA IRON ORE DEPOSIT. 

TH!E ore at Kunghka is one of -the deposits worked hy the Burma 
Corporation in the Northern Shan States. Kunghka village is 

Intro duction. 
situated in Latitude 23°13', Longitude 99°19', on 
sheet No. 93 Jg of the 1 inch = 1 mile sheets {new 

issue), the Bench Mark which demarcates the centre of the mining lease 
being at the stream junction in the steep-sided valley I mile 
north of the position of the village as depicted on the map, and 
3,000 feet above the level of the sea. The area is approached by mule 
tracks from Nam Tu (Panghai) and from Bawdwin. That from Nam 
Tu is the better, is 17 miles in total length, and has a gentle 
gradient throughout; it winds north from Nam Tu through 
Mong Hseng and the Nam Krak and Nam Tat valleys to the depo¬ 
sit, and was the one used by Chinese mule contractors for trans¬ 
porting lead slags and ores from Bawdwin to the Corporation’s smelter 
at Nam Tu before the present railway was constructed. The iron ore 
was, and is used as a flux in the reduction of the Bawdwin ores. 

Although the wheareabouts of the deposit were known, no 
development work was considered until November 1916, at which time 
a Chinese contractor started to quarry and bring in the ore to 
Nam Tu, In the following month trenching was commenced by 
Jlr. Loveman, Geologist to the Corporation, to ascertain the 
resources of the deposit. Since then about 6,000 tons of ore 
have been won, but development work has shown that the pros¬ 
pects were not so good as at first anticipated, and at the time of 
my visit in April 1922, quarrying had ceased, and the last dumps 
of ore were being brought into Nam Tu. 

The general features of the area west of the Nam Tu have been 

Physical Features. 
described by Dr. Coggin Brown as follows:— 
‘‘ The surface is mountainous and entirely 
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occupied by steep slopes produced by tbe erosioa of many streams. 
Mat ground either as plateaux or in valley bottoms is conspic¬ 
uously absent, the nearest approach to it being the sinuous, 
narrow tracts of alluvium which rarely border the banjos of the 
larger streams. Even the larger valleys are deep and V-shaped, 
separated from one another by steep knife-edged ridges, their 
sides scored by innumerable glens and ravines which make up the 
amazing net-work of the feeder drainage system of the country. 
Dense temperate evergreen forest generally clothes the hiUs from 
base to summit. In proportion to their lengths, the streams 
possess high gradients.This general description applies to the 
country in the immediate vicinity of the ore deposit, which cuts 
across a precipitous valley, separating two knife-edged ridges. 
The stream which cuts the deposit and which has denuded 
away a considerable portion of ore, drops 1,600 feet in its course 
between the ore-body and the Nam Tat, which it joins 1^ miles 
below. 

The deposit is situated on the irang Yun Series described by Dr. J. 

General Geolo^. 
Coggin Brown who also quotes Dr. J. M. Madaren’s 
description of them as the Banyan Beds ’’ in an 

unpublished manuscript in 1908, and the attention drawn to them in 
1909 by Mr. T. H. D. LaTouche.^ The series is unfossiUferous, 
but, as it lies between the Bawdwin volcanics below and the 
fossiliferous Nauugkangyis above and is conformable with them, 
it is believed to be either of Cambrian or Ordovician age. At 
Kxuaghka the Pang Yuns are a series of fine-grained, thinly- 
bedded, white and chocolate-coloured sandstones; micaceous 
shales; quartzites; and occasional conglomerates. In places 
a thinly banded chocolate and white sandstone is seen, with 
dendrites of iron ore along the bedding planes. Micros¬ 
copically, the quartzitic nature of the series as a whole is well 
shown, and the rocks are seen to vary from a practically pure 
quartzite found near the Manager s bungalow one mile east of the 
deposit, to a fine-grained sandstone whose cementing material 
has been completely altered to iron oxide by the impregnation of 
iron-bearing waters. A section of conglomerate shows the out¬ 
lines of large rounded quartz grains and of smaller quartz grains 
outlined by iron oxide, the interstitial indeterminable matrix not 

1 iZec., G^ol. Shvv, Ind , VoL XLVin, p.l31 ( 917). 
a L 0 cit,, pp, 145-149. 
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having been altered to any great extent. Sections of the sandstones 
from the vicinity of the ore deposit show varying degrees of impreg¬ 
nation. Eastwards in the Nam Tat valley, Plateau Limestone is 
found whilst westwards the series continues to the Kunghka- 
Penglun divide. Outliers of Plateau Limestone form the high peaks 
of '' 5224 ” and “ 5537 ” to the west. The general dip of the rocks of 
the area is westerly, high dips prevailing east of the ore body and low 
ones to the west. The outliers of Plateau Limestone have a low 
westerly dip (18°—20°) whilst in the main mass of the limestone 
in the Nam Tat valley the dip is not perceptible. 

The ore body occurs in a fault which strikes N.15° W. and hades 
in a westerly direction. The rocks of the 

Occurrence and des- hanging-wall dip W.15°S at from 20° to 30°, 

posit. whilst those of the foot-wall are vertical, con¬ 
torted and much smashed. Eastwards the 

underlying strata are first vertical and then dip westerly at 
steep angles (60°—80°). The fault is filled in with lonticles and 
veins of hard, solid haematite in a soft matrix of red and yellow 
limonite. In the soft matrix platy crystals of specular haematite 
are abundant, and also small nodules and veins of barytes, some 
of which show crystal intei'growth with specular haematite. Lent- 
icles of sandstone are also included, and a passage is seen from 
solid, slightly magnetic haematite, through highly ferruginous sjnd- 
stonos, to the hard, whitish, quartzifeious sandstones of the Pang 
Yun scries. The outline of the body is irregular. 

About haU-a-mile east of Penglun a detrital deposit of angular 
fragments of solid haematite exists but has not been worked. Mr. 
E. C. Bloomfield, the ])xesent Geologist of the Burma Coiporation, 
believes that ifc is derived from the Plateau Limestone found overlying 
the Pang Yun Series immediately to the north of that point and in 
which ho has seen hoomatitc in situ. 

The deposit lias been formed by the infiltration of iron-bearing 
waters down the fault-plane; the alteration, 

r g n 0 e ore. ijesides having acted on tho material of the 

fault fissure itself, has also affected the contiguous sandstones. 
The iron is probably derived from the Plateau Limestone originally 
overlying the Pang Yun Series, on which numerous ocouironces of 
residual deposits have been reported, and some of which have and 
are being worked. No reliable estimate of the quantity of ore present 

is available. 
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Tie following analyses were Mndly supplied by tbe Burma 
Corporation, Ltd. Tbe hard and soft types 

oim””*^********” **** inclusions of bsematite 
and tbe soft eartby matrix, were estimated to 

exist in equal quantities and to contain tbe following percentages 
of metaUio iron :— 

Hard type : Fe =61 per cent. 

Soft type: Fe = 47 „ „ 

Tbe percentage of iron in tbe bard type was derived from tbe 
approximate average composition of 2,500 tons wbicb bad been 
bauled to Nam Tu, and of tbe soft variety from scattered samples 
taken from various points witbin tbe workings. 

The Manmaklang Iron Ore Deposit 

Tbis is another of tbe deposits of iron ore worked by tbe Burma 
Corporation in tbe Northern ^an States. ManTnaklaTig is situated 
in Latitude 22° 60*, Longitude 97° 40^, 1 inch = 1 mile sheet 
No. 378 (old series) on tbe Plateau Limestone Series. 

At tbe time of my visit (April 1922) no ore bad been extracted 
for over a year and tbe workings bad been allowed to fall into 
a state of disrepair. Tbe adit bad collapsed and tbe rest of the 
workings bad become partially fiUed with mud and water, so that little 
beyond tbe general residual nature of the deposit could be seen. 
Tbe following notes are based on a report by Mr. M. H. Loveman, 
late Geologist to tbe Burma Corporation, written after tbe deposit 
bad been opened up and kindly supplied to me by tbe Corporation. 
Tbe deposit was closed down owing to tbe high cost of working 
and tbe difficulty of dealing with tbe slimy limonite during tbe wot 
season. 

Manmaklang is situated 2 miles east of Man Pwe and about 2J 

situafloa. siding on the Burma Rail¬ 
ways, tbe nearest point to tbe deposit. It is at 

tbe foot of % S.W—^N.E. trendmg range of bmestone in a country of 
low rebel The ground slopes gradually in a N.W. direction to tbe 
Nam Yaw River and tbe railway. Prospecting operations were started 
in 1917. 
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The country rock is limestone containing beds of sandstone. 
„ - . At first, loose pieces of ore were seen scattered 
Mode of occurrence. -u a. x x t.- xt. • 

about the surface, but on trenching the iron 
ore was found to occur as ledgc-like masses and as loose pebbles. 
Further development was carried out by stripping the oveiburden, 
sinking shafts and driving a tunnel. The thiclmess of overburden 
was considerable and the development work not sufi&cient to clearly 
de£bQ.e the shape of the deposit. The iron ore in the tunnel and lower 
portions of the shafts does not occur as distinctly separate boulders, 
but rather as a mass of pro fragments separated by slight amounts 
of clay and by open crevices tending towards the vertical. Besides 
tho clay intimately associated with the ore there are also bands 
several feet thick running through the iron ore. Towards the S.E. 
the ore is covered by travertine 10 feet thick in one shaft. 
Neglecting the travertine junction, the other observed edges of 
the iron ore (with one exception) are contacts with the surface 
soil. The exception is at the bottom of shaft No. 2, where at a 
depth of 40 feet the , ore was found lying directly on the limestone 
surface. This fact together with the general fragmental character of 
the ore and its similarity to numerous other residual deposits points 
to a residual origin. If this supposition is true its western extension 
is probably limited. 

Iron sulphide in tho form of marcasite is present in small amounts 

Character of the Ore. 
but the ore itself is largely limonite with 
probably some haematite. The approximate 

average analysis of the ore as shown by shipments to the smelter 
is as follows :— 

Fe= 52 per cent. Al203==6‘5 per cent. 
SiOa==15 „ Cab =l-8 „ 

The limonite is light yellow to red in colour and generally rather 
porous. Tho shape of the deposit is unknown but tho tunnd passes 
through 115 feet of ore and its face was still in ore at tho time of writ¬ 
ing. Shaft No.l passed through 75 feet of ore with the base still in 
oro when it was discontinued. 

The ore was won by stripping oJS the overburden and quarry¬ 
ing, The average thickness of overburden was 
16 feet but it varied greatly at dijSerent points. 

After removal of the overburden the ore was extracted through 
the tunnel. 
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F(g 1. &lo6<>apieris uniuitifolta. Brongn.—Portiopof a ftond ooUeoled at Raniganj Hatutaleiz 

Fig 2 Qhssopleih an^ustifoliA Brongn --Camera luoida skrtoh of upper epideimis Oiioa X 24 

Fig 3 QloiioptciIS anpusOfolia Brongn - Camara luoida skeloh of lower epidennie, shown 
•tnmi+a Subsidiary oelis and soafs of emergenois Ciioa X 240. 
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FIG 2 TOPOGRAPHY OF ^JABQARH 80HI8T8 AND QUARTZITE8 WITH EPIDI0RITE8, 
• d miles eouth of Khetri, i looking north east) 
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A M Ildon, Ph0to PANORAMA OF KHETRI, showing sulphate evapopatini 



{ pane (oentpe), and sand drifted over range (right) 
G S. I Calaitta 






